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The Kile tigbl to tnanuRicIiire and Die the con- 
densing engine, HaTing been gi»en _bj ParliBttient, 
for a very long period, to ill merllorioua imen- 
lor, considerable riralrir Was tsIsM up ambag 
mechanicB to adapt Ihe commoH engines lo 
ttmnurac luring ila irell at to minlb? purpoie^ 
For, in addition to the prejudice! which Watt's 
Ibrchaniam had lo encounter on the iicoi« of ita 
colnpleiit;, hi> apparstils vbs costlj, and not 
*a»itj kept in repaif. There *cra niany *ha 
•onld not see the ullimate savinE of this eipensa 
til a great present saving of fnel, and olhers who 

Croteiled (he; coold not. Among the latter, maf 
B Reckoned Mt. MatlhetC Waabroiigli, ait inee-' 
nioiis [DeGhaniC, vho, in conjunction with hii 
blher, carried on an eilensive biaaa founder]) in 
Bristol, and in ltl9 invented a means of cooj 
beciing tl>e babtnced tevei-beam #ilh the ttbtooa, 
M ea lo produce a lolary motion. 
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In the description deposited in Chancery, he 
says that he accomplished tl\is by one or more 
pulleys or wheels^ or segments of wheels^ to which 
were fastened ratchets or checks. In another case, 
he shifted a wheel and its axis from one set of 
teeth to another ; a third method was employing^ 
racks with teeth, which tumbled or moved on 
their own axis or centre, and those racks he fas- 
tened to the working beam or great lever, or they 
were connected with it by means of chains or 
spears. For other purposes, instead of a working 
beam he substituted a wheel or pulley, woiking 
by racks or chains from the steam piston ; and to 
regulate the motion, he, in some cases, added a 
fly. This is also the second example of a patent 
being taken out fbr the application of steam-en- 
gines to propel boats. 

During the erection of one of his rotular me- 
chanisms at Birmingham, Mr. John Pickard, for 
whom it was constructing, made a great simpli- 
fication of the apparatus ; and which he secured 
.by a patent. 

A crank was placed upon the axis, which was to 
transmit the motion from the atmospheric engine 
to the machinery, which was connected by an 
inflexible rod to one end of the working beam, 
A wheel was also placed on the axis, having a 
heavy weight placed on one part of its circum- 
ference, so that when the crank was in the line of 
the connecting rod^j or in the position in which it 
was incapable of receiving any impulse from the 
working beam, the weight on the wheel should 
impel it onwards by its acquired momentum, until 
the crank had passed its neutral point. By fixing 
this loaded wheel on a second axis, and. making 
its diameter half of the wheel placed on the crank 
axis which inoved it^ it pade two revolutions 
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while the crank made one, and thoa improved its 
action as a regulator of the engine. 

There was no difference in the use of this 
loaded wheel from that of the fly proposed by 
Wasbrough ; but getting rid of the ratchet-wheels 
in his rotular movement, and substituting the 
crank in its place, was a very great step in im- 
provement, and which could be applied as well 
to the condensing as to the atmospheric engine 
to make either produce a rotary motion from a 
rectilineal alternating One. 

Wasbrough and Pickard became associated 
88 partners in the benefits arising from their 
combined contrivances, and as these were, at 
the time considered to be inventions of great 
importance, Wasbrough quickly had many 
opportunities of introducing the mechanism 
into practice; particularly in some of the 
woollen manufactories in Gloucestershire, and, 
among others, in the establishment of Mr. Ansty. 
But the place in which it was seen to greatest 
advantage, was in its application to turning lathes 
in the works erected by Mr. John Taylor* at 

• The elder Mr. Taylob spent some years of his life at sea, 
and had thus roanv opportunities of 'witnessing the danger 
occasioned by the oefective make of the blocks, shivers, and 
pins, at that time used in the rigging of vessels. There was 
a want of precision in every part of their construction, that 
frequently rendered them unserviceable at the very moment 
when the safety of the vessel depended on the readiness^ of 
their movements. On his return from sea, in conjunction 
with his son, he applied himself to the invention of machines, 
which, though worked only by hand, formed blocks, shivers, 
and pins, on a principle that gave them a decided superiority 
over all those that had been previously constructed. The 
cellar in Southampton in which he made these experiments 
was often visited by the Duke of York, brother to George III., 
and others, to witness his ingenious operations. And here 
he was the object of much vulgar ridicule, and was said to 
be employed itt -raising tke devil." When he was a pn^ 
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Southatiipton^to manufacture ships-blocks^ and 
in which Wasbrough was also concerned gene- 
rally as an engineer* 

soner of war in France, in 1746, fie constracted aft electrical 
machine for some friars at Rouen, in Normandy. On his 
return to Sonthatnptoft, he formed another with which he 
eihibited expe^mepts ; this was sold for one hundred pounds 
to a person who afterwards travelled with it. His health 
became impaired by much confinement in the unwholesome 
^laoe in whi<}h he made his experiments, and he died in 1769. 
His son, Walter Taylor, fortilnately succeeded in intro- 
ducing the invention ^to the nav j, and the contract which 
government entered into with him for supplying them, 
Enabled him to clear the embarrassments which had been 
ttocumtilating from th« cbmmencemeht of his father's and hi» 
•wn experiments, and at one time threatened altogether to 
overwhelm him. In the prosecution of his manufacture, he 
ihventfed citeular iatti^ by which the thinnest sliivers of thd 
kardeat liMum titse coilld be cut with expedition and pre' 
eision. Also the shells and mortices of the blocks, which, 
formerly were only to be done by tedious manual labour, 
ivith the axe, the mallet, and the chisel. Metal, peculiar 
in its temper, wfts formed so as to resist the injuries of time, 
Itrear^ and weather, longer than any before discovered. He 
greatly improved the hand-pump used on board ships, by 
introducing a pendulum instead of a valve. The trials he 
flibde with this led him to the invention of a method by Which 
a shi^ could be easily cleared of water at the rate of four 
tons in two minutes and a half. This wheel he called a 
double haiiina tnachinct and obviated a great defect which 
remained in ships' pumps, ofdrawing the water from a depth at 
tone time fhirty-two feet when the weathfir is clear, and whea 
foul not more than twenty-eight feet, or when full manned 
iind the atmosphere loses its spring so as not to support a 
Column higher than twenty-six feet. His death, in I8O81 at 
ihe age of 69 years, left a deep impression of regret among^ 
the poor, who experienced his generous bounty ; and among 
those ^hp delijghted to trace the operation of christian prin- 
<$iples in his did'usive good-wilL and in his sympathy for th^ 
afflictions of the distressed and wretched. His hospitabk 
abode was open to good men of every persuasion ; atid there 
the zealous Roraaine, ahd the benevolent Newton, the friend 
of tne poet Cowper, who were often his summer guests, sunk 
^ery inferior prejudice ill the expanded pleasure of christian 
friendship. 
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Subsequently to his adapting his movement to 
this purpose, he was employed by government to 
erect a steam-engine at the Red-house* Deplford, 
to give motion to the mills for grinding and 
dressing corn for the navy ; and be was desired 
by the Commissioners of the Victualling Board 
to consider and let them know, whether ^' the 
great improvements in steam-engines, said to 
have been made by Bolton and Watt, could be 
adopted in the one he was to erect at Deptford/' 
His reply (March, 1781) contains a summary [of 
the objections which at that time may be consi" 
dered as the strongest that could be urged against 
the condensing engine. He had originally thought 
of applying his rotary movement to Bolton and 
Watt's machine,buthehad changed his intention. 
" I will briefly," says he,*' mention to you. Ho- 
nourable Sirs, the principle of each engine of the 
common sort; the steam filling in the cylinder 
the place of air, (being a medium easily reduced) 
is condensed by cold water, which making a 
vacuum, the impulse downwards is occasioned by 
the unresisted pressure of the atmosphere, which 
would continue acting upon the upper surface of 
the piston, so as to keep it down ; but in the ac- 
tion, when nearly at the bottom of the cylinder, the 
machine itself shuts the water (or injection cock) 
out and lets in the steam, which restoring the 
equilibrium in the cylinder, and having at all 
times on the exterior end of the working beam a 
weight sufficient to bring it up again to its original 
state of rest, where likewise it would remain, but 
that the machine in its action upwards shuts out 
the steam as at first. Now in Bolton and Watt's 
engine they do not condense in the cylinder, but 
press the steam through the pipes into a vacuum 
condenser. The effect is the same, but the im- 
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pulse is at all times equal to the pressure of the 
iteam (not atmosphere) oil the upper surface of 
the piston; from which you will please to ob- 
serve, one is acted upon by the unifbrm pressat'e 
of the atmosphere (and in the return of the stroke 
by gravitation), and the other is acted upon by the 
Jltietuating elasticity of the steam, which is con- 
tinually varying with the strength of the Are; 
which requires a great deal more care than ser- 
vants generally take, or the machine will have 
nearly the effects of a wind-mill, sometime^ 
very slow, the fire being weak, and sometimes 
unmanageably fast, the fire being strong ; besides 
they are very costly, complex, and very difficult 
to be understoood, so that when out of order 
they cannot (as the others) be repaired by a 
common smith or millwright.** From this letter, 
it appears that a condensing engiile was in action at 
Stratford, near London, and another at the water- 
works at Chelsea. Wasbrough had made consider- 
able progress in the construction of this machine, 
when Bolton made his appearance as a competitor 
for the patronage of the Navy Board, and even- 
tually succeeded in having his new engine sub- 
stituted instead of Newcomen's; he induced 
Wasbrough to make a joint proposal with him 
to erect an engine at the Red-house, combining 
all the improvements of both ; and the offer was 
accepted by the Commissioners of the Victual- 
ling Office. While Wasbrough was waiting for 
Boltoh*s directions respecting his peculiar part 
of the apparatus, he received intelligence that Mr. 
Smeaton had received instructions to erect an en- 
gine to throw water on a water-wheel for grinding 
corn at the Red-house, and that this was to super- 
sede his mechanism. " Surely,'* says he., m a 
letter to the Navy Board, " Mr. Smeaton or any 



Other mechanistf does not propofe this ai a better 
mode than mine, iodeed if he did, you must be 
convioced to the contrary, afler knowing that my 
method has been in practice many years ; and after 
hearing Mr. Bolton's pretended claim to this in* 
ventioD^ vhich proves that he knows its singular 
advantages. When 1 last attended your honour- 
able board, you were pleas^ to speak in th^ 
warmest terms of my whole conduct respecting 
this matter. If you bad not then been satisfied 
with the proofs which were laid before you> I 
should have been happy in conducing further to 
that end, before I gave out to my friends, and those 
whose business required such a mechanical force^ 
that I had your approbation and orders to pro- 
ceed. This is not the greatest pai4 of the bad 
consequences that attend it. It was not the valu^ 
of the premium that induced me, foi 1 had rather 
have given you that^ and even the engine, than 
thus have a negative passed on my machine by so 
respectable a body of gentlemen ii^ their public 
capacity. Thos^ who have pron^ised me orders^ 
on condition that this answers the purpose, will 
now no doubt withdraw^hem, f^nd the probably 
consequences of your decision may be a loss of 
several thousands to me. Had this circumstance 
entered your minds, I am well convinced your 
humanity would have made you pause^ at least 
till you were better satisfied than with the word 
of any interested individual, befoie you adopted 
a plan so opposite to that you had so lately ap« 
proved of." The Commissioners assured Wasr 
broogh, that bis surmises, as to Smeaton,werQ 
without foundation ; but their re^ly left him no 
encouragement to hope that his mechanism 
would be adopted. This disi^ppointment, coming 
upon him at a time when he wa# in ft atate ol 
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precarioas health, and actiD<;: on a mind of et- ^ 
treme sensibility, hastened the progress of his )|j 

disorder* At his death his patent was divided ^ 
into shares, and many machines were afterward3 H) 

fitted with his peculiar contrivance *. il, 

Wasbrough^s friend had given true information. « 

Notwithstanding the evasion of the Commission- \i 

ers, that they had not instructed Smeaton, or any ^ [ 
one else, to erect an engine and water-wheel at * i 
Deptford, they had employed him (after entering i 

into a contract with Bolton and himself) to give j 

his opinion and design of the best mode of con- 
structing this flour mill and impelling it by a 
steam-engine. Smeaton*s report is in itself a 
curiosity. He was the friend and correspondent 
of Bolton and of Watt : he admired their con- 
densing engine. He was warm at all times, and 
in all places, in bis recommendations to adopt it 
in preference even to his own improved atmo- 
spheric-engine ; but both the one and the other 
were, in his opinion, unfit to be used directly as the 
mover of a com -mil I. " I apprehend,'* says he, 
" that no motion communicated from the recipro- 
cating lever of a fire-engine can ever produce a 

* Mr. Matthew Wasbrough was bom at Bristol in 1753. i 

As the best evidence of the estimation in which he was held 
bj his townsmen, we quote the record of his death, in his 
twenty-eighth year, from the Bristol Oazette of 1781. | 

** Sunday, October 21, Died, sincerely regretted by his i 

friends and acquaintance, Mr. Matthew Wasbrongh. The 
public have to deplore in him the -loss of one of the first me- 
chanics in the kingdom, whose early genius brought to per- 
fection that long-wished-foT desideratum, the applying the 
steam-engine to rotnlar movements : upon this principle, be 
lived long enough to complete sereral ingenious and com- 
plete pieces of mechanism, in which the corn and flour-milLs, 
an Lievens Mead, are striking monuments of his exteosive 
abilities; his name, therefore, will be banded down with 
honour to posterity." 
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perfect iireular motion, like the regular efflux of 
water in turning a water-wheel. AH the fire-engines 
that I have seen are liable to sudden stoppages, and 
may, in the course of a single stroke, pass from 
almost the full power and motion^ to a total ces- 
sation ; for whenever, by inattention of the engine- 
keeper, the elasticity of the steam becomes too 
low^ the engine will be incapable of continuing 
its motion. The fire-engine seems peculiarly 
adapted for raising water, and then a stoppage for 
a few strokes is only a loss of so much time ; but 
such stoppages in the motion of millstones for 
grinding com would greatly confuse the regular 
operation of the mill, as it would stop with the 
stones full charged with com, and before the 
motion could be renewed the stones must be 
raised up from their bearings. By the interven- 
tion (he continues) of a water-wheel, these un- 
certainties and difficulties are avoided, for the 
work is, in fact, a water mill, and if there is a 
sufficiency of water in the reservoir to work the 
mill one minute, without sensible abatement, it 
will seldom happen but that the engine may be 
Hset a-going again in less than half a minute after 
it stops by any common accident, so that the 
iqill will continue regularly at work.'' 

No one was more sensible than Watt, that 
until some scheme was devised for producing a 
rotary motion, from a reciprocating one, he had 
made but a comparatively small progress in 
making his condensing engine available for any 
use but that of a drawer of water. ** Among the 
many schemes," says he, " which passed through 
my mind, none appeared so likely to answer the 
purpose as an application of a crank, in the manner 
of a common turning-lathe (an invention of great 
merits of which the humble inventor, and even its 

3g 
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4n ki« Bii|(Ba«D)i bm SI Ihe muti»« MMiaa i« 
pnxluced in thai machine by (he impuUe giveo 
lo the crank, in (he deweBt or |h« foot onlji and 
if coDLinued in iti aiceD( by the acquired moraeo* 
tum of the wh««l> which Imsk act* ai a flj, aed 



Ib^EUOwiniiis to ]oa(lai;eD§inenith a fly heavy 
enough lo continue (be moiion duting the ascent 
of the piiton, and even nheie a counter- Height 
employed (o act during that Bscenl of a lly heavj 
enough to equalize the laotion, I employ l^o en- 
gines, acting on two cranks, by which means a 
motion migbt be rendered oeady equal, and ft 
Tery light lly would only be tequisile." 

Hia allenlion being at that time chiefly direoteij 
to erecting engine! for raising wale r, the trial ot 
hii idea was poatponed, and he did not attempt to 
put them into practice until about I7T8 or ITTf, 
f hen be taya, bLi aiteuion vm diawn to Ihe 



feiltti^* of a mecMnisra similar td Fittgeraldtfs 
tor trhich a Mr. Wasbrough, at firiftlol, bad ob* 
laitied a patent. This model exceeded his 6iw 
^^tations ; but hatiDg neglected to take (diit A 
}>ateiit, the invention was communicate b^ k 
trorkman5 employed to make the Model to som^ 
t)f the people about Wasbrough's engine. Th« 
factj continues Watt, was confessed bj the op- 
posite party ^ but he alleged il had occurred 
to himself previous to his ever hearing of rnine^ 
which might be a fact, as the application of it to 
& singrle crank was sufficiently obtiouS ; ahd in 
these circumstances he thought it better to accom* 
'plish the same end by other means than to 
enter into litigation, and by demolishing the pa^ 
tent (Pickard's) to lay the matter open to 
everybody." Subsequently, it has been stated f, 
that he used the crank when it suited his purpose, 
in defiance of the patentee) who never molested 
him. 

The rivalry that so simple and obvions a contri- 
vance called forth, and the great importance that 
was attached to its exclusive possession, is one of 
the many curious illustrations afforded in the pro- 
gress of this machine of the great value of even 
apparently trifling improvement. Watt mentions the 
turning-lathe as suggesting the idea to his mind ; 
but at the moment, another elegant application 
of the same contrivance was to be found in most 
£Btrm-house8 in the country^ and the common 

* This is probably a misconception ; ** for, so far from the 
engine of >^ asbrou^h being irregular, or defective, it con- 
tinued in action thirty years, when it iras destroyed by fire ; 
with no other than casual repairs, and witlwut any altera- 
tion whatever in its mechanism." 

i Supplementf Ency. Brit. vol. vi., art. Watt. 

8q2 
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wheel for ipinnin^ flai vra« familiBr lo slmost 
every ODe from (heir inraocj. AlUlie mechanical 
booki, from BeiBDo downnards, abound in con- 
tiivancea foe this purpose; mills foi grinding cop 
weTe turned by a lever having a leciprocating 
motion, and a vertical alternating movement wa* 
given lo aawa, from the continuous action of a 
.valer-wheel, and the saws themselves were kept 
in a venicHl, Tcclilinear direction by their frames 
moving in an infleiible groove; and, in fact, Ibii 
identical eTrangemcnt has beeo lately introduced 
into machines of great elegance of form and ar- 
rangement ; but they were overlooked by those 
who were in search of them, and who rested sBtts- 
Aed with far less perfect cc 
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** BK WHO HAS LAID UP KO HATESIAL8 CAN PRODUCK VO 
COMBINATIONS, YOB INVENTION IS BUT TBX FOWKB OP 
ABKANQINO IDEAS SELECTED ritOlf TBS STOB^S OP BKHXM- 

9ikvcTi**-^Hawkesteorth* 



All the machinei which Wall had conBtracled, 
being employed to raise wafer, llie inlervBl during 
which the impulse uf Ihe steam was suspended, 
while the counlerwei|lil drew the piston lo the 
top of the cylinder, if not necessary, was at leait 
not detrimental lo (be perfect action of the 
pumping apparalui. But when it was attempted 
to appl; Ihe same eogine lo move machinery re- 
quiring a steady letary movement, Ihe inactive or 
lelurDiDg stroke of Ihe piston na> as hurtful as 

Some of these disadvantages, it was thought, 
■night be obviated by making the steam acl on a 
piiton, nhich moved in a citcular, instead of a 
rectilineal path. With (his view Walt suggested 
the contrivance shown in the engraving (marked 
Watt Q., flg. 2.) ; a, is a portion of a cylinder, 
or drum, shut at both ends; b, an axis ; and c, a 
piston fixed upon it, which moves within the 
cytindei so ea to beateamtightjd, a valve moving 
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on a joint at e, and made to press against the cir* 
cumference of the axis; /, a pipe, conducting 
steam from the boiler into the druni ; and g, a 
pipe connecting the drum with a condenser. 
When these parts are placed as shown in the 
figure, steam will issue from the boiler and fill 
the space between c and d, and the rest of the 
cylinder will be open to the condenser. As the 
valve, dj which acts as an abutment, presses 
against the axis, b, the piston, c, is carried round 
until it comes near the point, e, when the injection 
and steam pipes, e, f, are closed by valves (which 
are not shown in the figure), and the abutment 
valve, d, is made to fall into the recess, h, by 
means of a wheel or lever on the outside of the 
drum. The momentum of a fly-wheel placed on 
the axis, 6, carries the piston, c, over this recess; 
the valve, df, is then again moved from its seat 
into its former position, and at the same time the 
injection and steam valves are opened ; a vacuum 
is thus produced throughout the cylinder, except 
in the space between c and d, and the elasticity of 
the vapour which flows into it carries the pistoA 
round as before. It will be. seen that from a 
wheel placed on the outside of the drum the ro- 
tary motion may be communicated to other ma* 
chinery. 

The valves which were omitted in the figure 9 
will be understood from an inspection of figures 
1 and 4, which represent what Watt called his 
semirotary engine, in which a piston moving in a 
circular channel, produced an alternating mov9« 
ment. In this a vacuum is made alternately on 
both sides of the piston c, and steam from the 
boiler acts also alternately on the same surfaces. 
In figure 1 the mechanism is represented as if the 
piston had finbhed one stroke, and was at the 
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commencemeot of another. The steam now flow9 
through the pipe m into the box t, and thence 
through the valve x into the drum a : the valve 
/ being open, the drum has a communication 
through it with the condenser, and the steam 
through n presses the piston c round, until it is 
near the point to : the condenser valve I, and the 
steam-valve k are then shut ; the other valve n, 
communicating with the condenser, and also the 
steam-valve i are opened; the steam then acts 
on the opposite side of the piston, and the inside 
of the drum communicates with the condenser, 
through the valve n in the pipe/: the piston is 
then impelled into its first position, and so on al- 
ternately. The projecting box o contains a steam- 
tight stuffing. The alternate revolving motion is 
communicated to the pumps by a wheel p, (figures 
3 and 4), fixed on the axis b, and working into 
racks on the pump rods r, u. The same letters in 
all the figures refer to the same parts. 

Another rotary motion was. produced directly 
from the action of the steam by a mechanism 
shown in the engraving, marked Watt R. : — a, is 
a circular vessel, moving on pivots, r, s, divided 
into two compartments, k, /, by the division, h ; 
c and d, are valves opening inwards, and e, f, 
valves opening outwards^ g^ a pipe connecting 
each of the divisions, k, I, in succession, with a 
condenser, m ; pipe, n, supplies steam from the 
boiler alternately to each division or chamber, so 
that when the chamber, A, is open to the con- 
denser, the chamber^ /, is open to the boiler : this 
circular vessel is enclosed in a box, o, p, filled 
with water or some other fluid. 

If now a vacuum were made in both of the 
chambersj the water would rise through the valves, 
C and d, and fill them; and as long a» the division^ 



f, opens into th6 condenser^ it will remain lilted 
with the Otiid ; but t, being open to the boiler, the 
steam presses the water which it contains through 
the yalve^ and this re-acting on the water in the box, 
imparts a rotary motion to the circular vessel; 
and when the chamber, f, has moved so far round 
as to be in the position of k in the figure, it wilt 
be filled with the steam which has expelled the 
water, and will also communicate with the con^ 
denser : a vacuum will thus be speedily produced 
in it, and the water in the box will lift the vaWe d, 
and flow upwards until it fills it ; while the prea-* 
sure of the water will shut the valve, /, through 
which it had issued. At the moment when th« 
thambpr I communicated with the condenser, the 
chamber At, which Was filled with water, was open*> 
ed to the boiler, and the steam from the pipe n, 
pressed the water through the valve e, and its 
re-action on that in the box continued the rotary 
movement until the chamber /, which was now 
again filled with water, was in the position shewn 
in the figures. All these machines on trial were 
found defective. In the first scheme the abutment 
valve was soon put out of order, and the passage, 
of the piston over the openings to the condenser 
and boiler, quickly destroyed the tightness of th6 
stuffing of the piston. The semirotary engine, 
although ingenious, was inferior to his commoil 
condensing engine, with a vibrating lever*beam. 
The redaction of the water, issuing from the re* 
Volving vessel on the fiuid in the box, was found 
to impart a force, altogether of trifling amount. 
•What he failed in accomplishing by these contri- 
vances, he succeeded in obtaining by another me- 
thod. By a very slight alteration of the three valves 
of his mechanism, and the introduction of a fourth. 
Watt produced a new combination of the parts 
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ef hU machine, by which all the practical diffi- 
culties that had baffled his predecessors were re- 
moved. The scheme he had alieady explained 
and described by a drawing, which he exhibited 
to the House of Commons at the time when h» 
presented his petition for a prolongation of the 
term of hia patent In that drawing, he showed 
that after the piston had been pressed by the steam 
to the bottom of the cylinder, by shutting off the 
connexion between the upper part and the boiler, 
and opening a communication between it and 
the underside of the cylinder, the steam by thia 
means could be made to raise as well as depress 
the piston, into a vacuous space which might be 
maed above and below it alternately. By thia 
beautiful extension of his 6rst idea it may be con* 
aideied as having been perfected, and the mecha*> 
nism could now be freed from the dead weight of 
counterpoises, with which it had been encum-* 
bered and loaded ever since the attempts ol 
Neweomen. 

The engreving marked Watt, R., figures I and 
1 ], aie sections of the cylinder, aiud figure S an 
end view ; which will explain the placing of the 
valves and pipes, for connecting the upper and 
under side of the cylinder with the condenser and 
boiler : a, the piston ; b, the steara-pipe; e, valve 
admitting steam above the piston; d, valve for 
admitting it beneath ; e, valve connecting uppet 
tide, of cylinder with the condenser; /, a similar 
▼alve, opening the lower part to the same vesseU 
When the valves c and / are open, steam flows 
above the piston, and presses it downwards, when 
the piston reaches the bottom they are shut, and 
the valves d and e are opened, the piston is then 
piessed upwards. 
' The Vi4ve» which appear in these figures are 
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shown in the engraving marked Watt, D., £g. S«. 

on a larger scale : m, a, are toothed segments, fixed 
on spindles which are carried through the sides of 
the valve-boxes ; n is a rack to which the valve9 
8, b are fixed, and work inlo the toothed seg- 
ments; m,a,c are pieces of metal against which 
the back of the racks slide, and serve to keep it 
steady, and in its place ; this is also provided for 
by the valve-stem, o, (or its tail^ which moves in 
a ring fixed by a bracket; the seats of the upper 
valve are shown square, they should be cham leered 
as the lower one ; the operation of the mechanism 
will be apparent from an inspection of the figure. 
Figure 3 is a section of the piston of the single 
impulse engine, to show the mode Watt adopted 
of fixing it to the stem or rod, by forming its lower 
end as a cone. Figure 4 is the same contrivance 
adapted to the piston of his double impulse en- 
gine. Figure 1 was the mode he framed his 
working beams ; n, c, dy /, e are iron ties or 
braces, bolted to the king post m, and the beam a, 
or to the arched ends of the woiking lever ; g, h, 
chains to which the pump-rods are fastened. 

Before the arrangement of the double impulse 
engine could be of much use, some contrivance 
was necessary, by which the motion produced 
could be imparted upwards as well as downwards 
to the vibrating lever. For the chain by which 
the piston was attached to the working-beam, 
although sufiicient when the steam pressed the 
piston downwards only, was useless when the 
motion was reversed. The firstmechanism which 
Watt employed, is shewn in the engraving marked 
Watt, C, Fig.l : h, is the vibrating ley.er, g, 
piston rod, and y, a rack fixed upon it, o, a toothed 
wheel or pinion on the axis of the fiy-wheel* 
When the pistpn is in motion, the rack upon 



it moves the segment either upwards or down- 
^^ wards, which gives motion to the pump rod. 

Watt applied the fiy-wheel, o, in order to 
equalize the motion of the piston, when urged by 
steam acting expansively. When the piston-rod, 
e, ''pulls down the end of the working-beam, 
the toothed sector, x, working the pinion o, there- 
by gives motion to the fly, and when the ascending 
or descending velocity of the piston becomes less 
than the velocity which the fly has acquired, its 
impulse tends to equalize the motion of the piston. 
The fly wheel o turned in contrary directions during 
the rise and fall of the piston. When the engine 
was large, this was a most inelegant and clumsy 
contrivance, liable to be often out of order, and 
produced an excessive noise at the instant when 
the motion was changed. This was superseded by 
another contrivance, which he called a parallel 
MOTION. Engraving marked Watt, B. 

*' Concerning the steps by which Watt was di- 
rected to this contrivance^ difierent representations 
have been given. One of these supported by the 
authority of Prony, is that he was led to it by the 
consideration of an instrument used for describing 
a great variety of lines on paper known, by the 
name of Suardi's pen. 

" But this cannot be considered but as extremely 
unlikely. It is very true that Suardi's pen, if 
known to him, may have suggested the idea, 
that it was possible to describe, by a continued 
motion, certain curves, portions of which, where 
the curvature changes its direction, does not differ 
essentially from straight lines. This, however, 
was not a piece of information very material to 
be received, or such as any man accustomed to 
the inspection of geometrical figures could have 
any occasion to -look for from without. But the 

2 u 
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information to be obtained from Soardi'a pen 
could go no further than this, when considered 
relatively to the conditions under which the pro- 
blem of the parallel motion was to be resolved 
in the steam-engine. In Suardi's instrument^ thot 
complication of wheels and pinions, and the con- 
sequent description of cycloids and epicycloids 
may be continued without end. When any line 
whatever, therefore, is described by this instrun 
ment, it is in consequence of a vast complication 
of motions, such as Watt, or any man working upon 
the scale he did, and with the means he must 
employ, could have no power to imitate. The 
complicated process of Suardi, if it could have 
had any effect, must have led an engineer to 
despair absolutely of describing similar lines bj 
the few simple motions which he had it in his 
power to produce. Far from suggesting the meana 
of overcoming the difficulties^ it would have d^ 
ierred him from any attempt to overcome them; 

'^ We may conclude, therefore, with great pro<* 
bability, that it was not in this way the discovery 
was made : there is a much more natural, and 
more obvious view of the matter, by which wa 
are persuaded Watt was directed, and the reason^ 
ing we suppose to have passed in his mind is tha 
following. 

*^ By means of the angular motion of the beam 
of a steam-engine, it is easy to make any point 
move in the circumference of a circle with a re^p 
ciprocating motion. If it is the end of abeam or 
bfiir which is made to move in this manner, the 
other end of it may also be made to move in 
another circle, by fixing it with a joint to a radius, 
which has its other extremity fixed to a given 
point ; we shall thus have a beam of a given 
iength moving up and down with ita exiremiliea 



in eirelel which tain their convexity towardi on« 
biiothei'. Between these two extremities^ there- 
fbre, if should seem^ that there must be one 
point, that will have the convexity of its path 
turned neither way, if one may speak so ; that 
is to say, will be neither concaVe nor convex, 
but straight for a certain portion of its ascent or 
descent. This was a simple view of the matter^ 
Such as iHiuch practice in the tonstruction of 
machinery would very readily suggest to a man 
of ingenuity, used to reflect on the gradual tran- 
Bition by which all changes in the' quantity or 
direction of motion are effected. If^ after taking 
this general view of the matter, he should make 
an appeal to a geometrical construction, he would 
find his conjecture completely verified, and would 
toon perceive In what manner the data of the pro- 
blem might be so varied, as to give the line de- 
Boribed whatever position was required. It is 
certainly more probable^ that he was guided by 
the simple and direct^ though perhaps refined rea<* 
soning just mentioned, than by any thing so cir- 
cuitous and indirect as the study of a complicated 
machine, with which the thing to be found out is 
very remotely, if at all connected." 

This ingenious speculation has much to re^ 
commend it$ but from Watt's habits, it is most 
iikely that his invention was rather by a tentative 
brocess, than deduced from a chain of reasoning. 
There are many arrangements in the old mecha* 
nical authors, in which a thing nearly the same in 
appearance, and applied to a similar purpose, 
might from inspection have suggested a trial of 
something like the parallel motion : in Schottus' 
book there are several ; but from Watt's known 
candour, his own account should be relied upon* 
When he Was asked by Play fair, whether he could 
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trace its invention to any previotis chaiq of rea- 
soning, he replied in the negative ; adding,. with his 
characteristic candour* that " he was surprised 
himself at the perfection of its action ; and in 
looking at it for the first time, he had all the 
pleasure of novelty, which could have arisen, 
had he been examining it as the invention of 
another person/' 

The problem in truth, is, however, a very easy 
one, and after this solution of it, other combina- 
tions were produced which have in many instan- 
ces superseded hiB,OT rather some ancient schemes 
were revived whose application had now become 
apparent. 

Figure 1 is a side view, and figure 2 an end view 
of the parallel motion, as it was applied in the 
first engines which acted with a double impulse. 
The main links, Cy e, are connected to the working 
beam and to each other by the cross- pin t, and 
to the piston-rod by a similar cross-pin, the ends 
of which are shown at b, in figure 2. The back 
links^ d, are also attached to the working-beam 
by a cioss-pin, and the parallel rod 6, is fixed to 
the lower end of the back and main links, d, e, in 
the same manner. One end of the radius, or bridle 
rod, c, is attached to the back links by the pin which 
attaches them to the parallel rods> and the other 
end hf is fixed by another cross-pin to the spring- 
beam m. These cross-pins are the axes on which 
the links and rods move in certain directions: as 
the beam descends, the pin connecting the bridle 
and parallel rods describes an arc of a circle, which 
is turned in an opposite direction to the arc of a 
circle that is described by the pin t, fixed on the 
lever-beam, but having about half of the deviation; 
this being transmitted by the parallel rod 6, to the 
^ross-pin at the lower extremity of the main link. 
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e, the coMpensation causes the end of the plututi- 
rod to descend or ascend in a carve, which in 
practice approaches so nearly to a right line at 
to answer all the purposes of a perfectly true 
rectilineal motion. In the figures the same letters 
refer to the same parts: / is the supply pump-rod ; 
ky the axis of working-beam. Watt gave some 
other varieties of combinations of levers, but not 
differing in principle from the one described, which 
is now iinown among mechanics as thb paral- 

IBL MOTION. 

The contrivafice prodigiously increased what 
were called the capabilities of the engine, and 
little more was now wanting to its most perfect 
form, than some scheme by which the alternate 
motion gt;?n to the great lever could be converted 
into a rotary one. 

The crank, as we havealready seen, was appropri- 
ated to this purpose by Pickard, who could prevent 
its use by another. Watt, who to use his own ex- 
pression, " did not choose to demolish the patent, 
Aiad thus lay the invention open to every body,** 
sought to accomplish the same purpose by other 
means ; and the sun and planet-wheels motion,^" 
a perfectly novel combination in mechanics, — by 
wnich he accomplished his purpose, was in some 
cases preferable to the rival method. It has not 
been stated whether Watt employed it before h^ 
erected the celebrated engines at the Albion Mills. 
As it appeared there applied on a great scale, it 
is shown in figure 3, in the engraving marked 
Watt, C : the reciprocating motion produced by 
the rise afid fall of the lever h, is converted into 
a continuous rotary motion, by connecting a 
toothed wheel 6, to the in flexible rod c, d, f, 
irhieh is attached to the curved end g, of the 
lever A^ by a pin /, which serves al^o as its axis. 

S H 8 
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A toothed wheel a, is fixed od the axis of the fly- 
wheel i : the planet-vfheel b, being fastened to the 
connecting rod so as not to turn on its own centre^ 
as the beam rises it is drawn up on the circum- 
ference of the sun-wheel, and turns it round, 
causing the sun-wheel to make two revolutions 
while the planet-wheel travels once over its cir- 
cumference ; the momentum of the fly-wheel 
being sufficiently powerful to preserve the ten- 
dency of the machinery to revolve in the same 
direction during the change of the motion in the 
piston^ and to urge the planet-wheel over the in- 
active points in its circuit 

About the time when Watt erected these en- 
gines, the attention of the court of Spain had 
been drawn to the state of its Amerigo mines, 
from some of the richest veins becoming nearly 
unproductive, in consequence of the enormous 
expense, and difficulty of keeping them clear of 
water. Several of them required an outlay of 
ninety thousand pounds a year for the expense of 
drainage J and required the labour of from twelve 
to fifteen hundred horses to get the water alone 
to the surface. The power of steam-engines had 
been suggested to supersede that of animals. A 
Frenchman, Bettancourt, who had distinguished 
himself as an engineer, was authorized by the 
Spanish government to proceed to England, 
for the purpose of collecting information re- 
garding steam-engines, with reference to their 
introduction into South America. " Bettancourt 
visited Birmingham, and received from Bol- 
ton and Watt the roost ample and unreserved 
explanation of their wonderful machines. During 
his residence in London, he had an opportu- 
Pity of inspecting the far-famed machinery of 
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the Albion Mills, and the principle of the appa- 
, ratusi ' which actuated the whole : the double 
impulse engine was explained to him on the 
spot, either by Watt or Bolton. Considering how 
many men were employed in the mill, and de- 
pendent upon it, it was not to be expected that 
either of these gentlemen should request the pror 
prietors to stop the machine, merely that a stran- 
ger might gratify his curiosity by a minute in- 
spection of the parts. Bettancourt, therefore, saw 
this machine at work only, but the concealment 
of any part of the mechanism was not intended. 
In fact, there was nothing in the construction of 
the double impulse, which should not have been 
evident upon a mere inspection of its external 
parts, to any one who understood Watt's single 
engines, which Bettancourt had a full opportu- 
nity of doing, even before he came to England, 
by examining that made by Bolton and Watt for 
the Periers, and erected at Chaillot in the year 
1779, to supply the city of Paris with water. On 
his return, Bettancourt, during his residence at 
Paris, gave instructions to the Periers for a ma- 
chine having a double impulse: the form of 
valves, and one or two minor details, were how- 
ever his own design, and these are Ihe most im- 
perfect parts of the engine. Prony describes this 
engine, and almost insinuates that Watt and Bol- 
ton in shewing Bettancourt the engine at the Al- 
bion Mills, had concealed the mechanism of thy 
valves : and on account of the defective addi- 
tions by Bettancourt, and their construction be 
the Periers, he founded for them a secondary 
claim to the invention of the engine, and for a 
long time succeeded in transfeningto them, in the 
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«^i of the gcesteBt part of the continent, the 
merit of iDventioM which belong exclusively (O 

WalU 

Al a leUer (leriod, when tbi> «a9 mentioned tft 
WBIt, hj Plnyrair, sb requiring to be contitidicled 
Ibr the aake oF his own reputalioD, 'Wall, who 
ira> indeed Indifferent to It, replied, that he be- 
lieved the tnis-itaieueot had l>een pointed out to 
Proay,whohad alw promlied to a|>olo^iie for the 
ertoT and lo cortect it. But the phitoaopher lived 
tblrtr fear* arietwatde without Boding an oppot- 
tunitj to perTorm thii act of Juilice. 
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** TBK WISHKO-roK IMPBOVSMIITT IS VHMADS, OVTXNXK 
BICAUSX THS MBAirs ABB OTBBLMKB9, TBAII BBCAU8B 
THBY ABB HIDDEN FBOM V9»**^fFarhurt6H. 



Trb in^nuil; whicb had been exerted In ove(- 
coming the (ceatei diSicuUiei, bad jet m ample 
Held left to[ it! eierciie, in regulating and tranir 
mitting the power aflerii bad been pn>duced. One 

of the defects of the apparatus, which ira* Taa4 
iDBifled on, wai the irrrgular productioa oT the 
■team, from the varying heat of the fire undet the 
boiler giving an unequal preuuie to lb« piatOD. 

A «imilar inegularilj in the motioD of com' 
milla, from the varying force of the impelliDg ox 
teiistiBg totcei, had eatljr esemiied Ibe ingeDuity 
of millera. Foc as llie ilonei moved fatter D[ 
ilower, the meal which waa produced wai amall IQ 

Suantilj, and loo fine, or it escaped in a glate aoj 
□e enough. One of the modes by which thli 
defect wai remedied, wai b; making the alage on 
which the ipindle of Ibe mill-itone reited, H> M tO 
be laiied or loweredi lo pieaeive a uaifonnilj in 
the pr«uare of the ilonei upon Ibe giaia, Thi> 
TW in nan J cawi dope bj hand; but it «at in 
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others done by vhat was called k Hfl'tenler, 
which operated as a self-acting regulator. This 
was a ball; fixed to a jointed rod, which was made 
to revolve by a cord proceeding from a pulley 
fixed on it, and which received its motion from 
the mill-stones; this ball was attached to the 
stage, or '* bridle." As the mill-stones revolved, 
faster or slower, the ball at the end of the jointed 
rod rose or fell by its centrifugal motion, from the 
perpendicular to *the horizontal direction ^ and 
this, as it might be adjusted, raised or lowered the 
stage on which the mill-stone spindle revolved. 
Mr. James Mead, an ingenious mechanic at Hull, 
had also applied this elegant contrivance to regu- 
late another part of wind-mill machinery. He 
attached a lift-tenter so as to receive its motion 
from the axis on which the sails were placed, and 
1by means of cords and pulleys he made it an ex- 
cellent regulator of the varying velocity. When 
the wind was impelling the saib with too much 
rapidity, the balls of the lift-tenter gave motion to 
a mechanism by which a part of the canvass was 
furled ; and as the speed of the air diminished, 
the fall of the revolving balls acted to unfurl the 
sails, and spread a greater surface to the aclrial 
current, by which means the motion was equa- 
lized. 

A Mr. Clarke, of Manchester, suggested the ap- 
plication of this fine mechanism to the regulation 
of the flow of steam from the boiler into the 
cylinder. . The two balls, a, b, fixed to the levers 
c, d, have their common fulcrum at e, and are 
attached to other levers, m, n, fixed by a moveable 
joint to a slider, o, moving freely up and down on 
the vertical rod, op. The horizontal lever, t, has 
its fulcrum at t, and raises or lowers another lever 
at r, which is attached to a valve z, in the inside 
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ot the pipe* On ihe pu4]ey is a cord ff, proceeding 
from ihejly-wheel; by this means a rotary motion 
IS given to the vertical rod, and the balls, by 
their centrifugal force, rising outwards, draw 
downward the slider ; this last movement raises 
the opposite end of the horizontal lever i, which, 
acting on the lever, r, opens or shuts (as it may 
be adjusted) the valve x, in the inside of the pipe 
/, and diminishes or enlarges the area by which 
the steam flows into the cylinder. The fall of 
the balls, when the motion decreases, reverses 
all these movements 5 and by thus enlarging 
or contracting the steam-way, and admitting more 
or less steam into the cylinder, the impulse 
of the piston is rendered much more uniform. 
The valve has since received the name of the 
throttle-valve, the conical pendulum that of the 
governor. We know not if Clarke evef carried 
his invention into practice ; but if he did not, his 
suggestion fell on a genial soil, and Watt's intro- 
duction of it as a governor, or regulator of mo- 
tion, was the last great improvement his engine 
was to receive from his hand. It has sometimes 
been described as having been invented by Watt ; 
bat that great mechanic was incapable of appro- 
priating to himself an idea which belonged to 
another. 

In the same document, in which Watt described 
what is now called the parallel motion, he gave 
an account of an adaptation of his mechanisin to 
the propulsion of land carriages. The boiler of 
this apparatus, he proposed, should be made of 
wooden staves, joined together, and fastened with 
iron hoops, like a cask. The furnace to be of 
iron, and placed in the inside of the boiler, so as 
to be surrounded on every side with water. The 
l>oiler W8W to be placed on a carriage, the wheels 



bf which wtre to receive their motiotf from a pis* 
ton working in a cylinder, the reciprocating mo- 
tion being converted into a rotary one, by toothed 
wheels, revolving with a sun and planet-wheel 
motion, and producing the required velocity by A 
common series of wheels and pinions. By meani 
of two systems of wheel work, differing in theif 
proportion, he proposed to adapt the power of 
the machine to the varied resistance it might hav6 
to overcome from the state of the road. A car- 
riage for two persons tnight, he thought, b^ 
moved with a cylinder of seven inches in diame- 
ter, when the piston had a stroke of one foot, 
and miide sixty strokes a minute. Two cylin^ 
ders might also be employed to act on th« 
tirheels, and the steam, after it had raised the 
piston, might be allowed to escape into the at- 
biosphere. 

About this period, another attempt to estend 
the use of steam power to navigation was mad^ 
by the Marquis de JoufTroy, in It 87, on the 
Saone, at Lyons. In his experifnent a single con- 
densing engine turned two wheels, one placed at 
teach side of a boat 140 feet long. But, although 
his tnodel was constructed with some skill, andl 
With all the Experience arising from a knowledge 
of d'Auxiron, and PeriePs trials, Jouffroy's expe- 
Hments did not inspire very sanguine hopes of 
tiis being able to make the vessel move briskly 
Against the current of the river. The framing 
of the parts of the propelling machinery having 
been but slight, the apparatus was so much de- 
ifftnged in the trials, that from the expenses of r^ 
pairing it, the Marquis postponed his further ope* 
rations from time to time, until, by the political 
f roubles of his country, he was not only obliged t^ 
|iV6 up hii tehem^^bat to leate Fmc^ ; afid fiis f^ 



COAiary meftof were aot^for Utirtjr years afterw«;df« 
fld Nourishing as to enable him to renew them. 
. The great practice of the Messrs. Homblowers 
iT^ the erection of steam machinery, in its appliv 
cdtion to mining, gave a weight to their opmioi^ 
ip which it bad been more entitled had it been 
j^sa interested. ; Watt, it has already been stated^ 
employed the expaiision of steam | and Falck, evi« 
dently, without suspecting the contrivance, recomv 
qiended, the two cylinders | but in giving a neif 
l^rm to both ideas^the mechanical means em^ 
ployed by the Ilomblowers, were well understoo4 
and ingenious j they connected the two cylinders 
4)1 <l, by a pipe a^ and one was joined to the boiler 
hy^ the pipe es f, opened or shut a cQmmunic9<« 
tion with a condenser and the cylinder,(l. The^n 
yessels being first QUed with steam, the cockf 
0, Q^ shut, and the communications between 
the top and bottoms of the cylinders also inter* 
Xuptfd, the injection-cock /, being opened>a va« 
quuin was fDade under the piston </, ^pd steam 
Rowing from the under side of the cylinder fi| 
ibto the upper part of the cylinder d, depressef^ 
the pistop </| into the vacuum beneath it. But, 
during this operation} the steam Issuing fr9q|| 
^e boiler through the pipe e, presses down ikk^ 
piston c, which arrives at the bottom of the cy** 
linder at the same moment with that iq the othef 
cylinder. Th^ further flow of ste^m through e^ 
l^in^ stopt, by shutting the cocK v, and the com* 
munication by the pipe, a, between the cylinderf 
l^eing also interriipted tiy the 90ck, a, the valyei^ 
a, 0, bein^ opened, and the condenser- cock« ft 
fhut, the pistons g, d, m^y be drawn up to the top 
of their cylinders by means of a counterpoise Axed 
at the epd of a balanced leyer, and the vapour 
which i^ 4ispl4^ed bj their fisf;^)^ flQW9 (hrouglv 



964 rornblower's bnoinb; 

Of and Vy into the space under each piston^ The 
apparatus is now ready to make another stroke. 
■ The cocks or vaWes, Cy a, /, are opened at nearly 
the same moment, and o, o, shut. The steam un- 
der d, rushes through /, into the condenser, «, 
placed in a cistern of cold water, and is instan- 
taneously condensed, and the steam from the under 
side of Cy expanding through a, again presses d^ 
downwanis into the vacuum^ at the same moment 
while the vapour from the boiler of double the' 
density of that in e, presses the piston, e, also into' 
its cylinder. And when they have reached the 
limit of their stroke, the cocks, e, a, fy are shut,' 
and Oy 0, opened, and the pistons are again raised 
to the top of their cylinders. as before. The air 
and water accumulated in the condenser is drawn 
out by a pump, r, as has been described in Watt's 
engine. The mechanism by which the cocks were 
opened and shut, made the apparatus a self-acting 
one, but they are omitted in the figure, not to con- 
fuse it. Some of the minutiae were, however, novel 
and ingenious, especially the arrangement and 
form of the cocks. 

It will have been observed, that this mechanism ^ 
as it has been described, combines all Watt's in-, 
ventions with that which Hornblower thought was* 
an idea of his own,— the use of a second cylinder. 
But Watt was in possession of the sole right to use 
a separate condenser ; and Homblower's attempt,^ 
by varying the construction to make use of the 
same principle, was an infringement on the legal 
right of Watt ; and which, many years after this 
period, became the ground of an action, brought by 
Bolton, against some parties who had used Horn- 
blower's machine; and although. Hornblower 
stated his engine to have a power equal to sixteen, 
vhilQ Watt'sy with the same quantity of coal| 



c«l (feduclioQ W99 QOt borne out by practical 
•tiservatiQD, and it wasaffirnAe4by his rival* ihaf 
it even fell far short of their cominQn engines r 
a Mr. Wilson^ wbo was an agent for the introduo-* 
UoHof Watt's engines in CornwaiU lesorted to « 
veil known English naode of deciding a knpttjr o» 
doubtful matter. He offered to bet a large suoi 
of money, that he would erect an engine^ on tlie 
same mine, using the same quantity of steamy pro- 
duced from the same quantity of coals, that shouid 
do more work than that which he challenged Horn" 
blower to erect on his own plan on this occasion* 
But the bet was prudently declined, in fact, there 
Qpuld not be a doubt that Hornblower's mecha** 
nism, although ingenious and skilfully combined, 
was deficient in principle, even im the part in 
ubich he considered the improvement to rest— ^ 
the introduction of a second cylinder — and thera> 
could be still less doubt, tbat» but Cor his making, 
use of Wattes condenser, it would have remained. 
at ao infinite distance from the Soho engine ib'- 
every thing *. 

. Viejwing thiii matter, however, in its trvie light, - 
and considerinjf Homblower — the hrst who openly^ 
entered the field of competition with Watt — as^ 
excited by the feelings which mercantile rivalry, 
often creates, his ingenuity merits our approba- 
tion, and its failure is entitled to our sympathy ;: 
for it were, indeed, ungenerous, as well as unjust, 
to consider his hostile opposition to Bolton and 
Watt as . emanating solely from himself, when,* 
is feet, he was only thrust in front of the battle 
by a part of the Cornwall mine-proprietors, 

• At the expiration of Homblowei's patent, he petitioned ^ 
FsiUsment for an extension of the usual term of fourteea 
jUkUt b^X tbs affUsstioA wm. apt sttBade4 to. ^ 

Sl8 



vbiMie cupidity was excited by the great gains 
Bolton and Watt drew from their monopoly 
These ungrateful mine owners^ looking only to the 
** third part" of the saving reserved by the pa- 
tentees, forgot the other iwo-ihirds which rested 
in their own pockets. The Homblowers, how- 
ever^ were eventually obliged to abandon their 
pretensions; but not before they had nearly ruined 
themselves. One of the brothers emigrated to 
Sweden, where he was employed by a native of 
that country from a respect for his talents, which 
were considerable, and who valued him for his 
integrity, which had never been impeached. 

The different construction of Watt's valves re- 
quired a new arrangement of the hand-gear to move 
them. In the atmospheric engines, the weight or 
tumbliog-bQb%t the end of the levers, called the 
Y piece, was placed there, so that its fall should 
open the sliding valve, or the injection-cock, with 
a jerk ; it exerted no influence wliatever, in 
keeping the valves in their places, at least it 
was not introduced for that purpose. Watt also 
sometimes attached a weight to the spanners, 
^nrhich opened or shut his valves. But it was ne- 
cessary in some arrangements of these parts, that 
they should be gradually shut, to prevent the in- 
jury that would be occasioned by a sudden jerking 
of the valves into their seats. This weight was, 
therefore, sometimes formed like a piston, which 
rose and fell in a cylinder filled with water. The 
weights, or plungers, were made of cast-iron^ and 
cylindrical, each fitted into a hollow cylinder, 
placed in the condensing cistern, and covered with 
tyater; the plunger, is made somewhat less than, 
the barrel, to allow a small space, by whichy 
when it descends, the water may rise between it 
and the barrel; the lower end of ^ch barrel is. 
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tilosed, etcept a small hole, which is covered by 
a leather valve Opening inwards. When the 
i>luDger is drawn up, the water from the cistern 
flows through this valve into the barrel, but 
when the plunger descends, the valve closes, and 
the water which is displaced rises between the 
plunger and barrel, and the resistance which is 
thus occasioned to the descent of the weight pre- 
vents the concussion which would be produced 
by its uninterrupted fall, and at the same time af- 
fording a means of making the weight sufficiently 
heavy to open the valve, a is the plunger, b the 
barrel, c the barrel valve, d the rod from the steam 
valve. 

These weights, instead of falling into the water, 
sometimes were hung on horizontal levers, which 
tnoved on a joints the weights were moved back- 
wards and forwards upon the levers or treddles, 
so as to act with a greater or less force in open- 
ing the valves as they might be adjusted. In the 
figure 2, a h, are the treddles, and c d, the weights 
hung upon them, e /, are the rods attached to 
the spanners or valve levers. 

The single-impulse machine of Watt for pump- 
ing water, may now be shortly described; a, the 
working cylinder ; 6, the piston ; c, the steam 
valve; 3, the equilibrium valve; «, eduction valve ; 
/, condenser ; g, jet pipe ; h, condenser or air- 
pump; i, cistern into which the hot-water is 
pumped from the condenser, and from which the 
boiler is supplied ; k, the cold water cistern io 
which the condenser is placed by the pumpo; 
/, is the plug-frame; 1, 2, S, spanners or levers 
attached to the valves c d e; m, equilibrium 
pipe ; n,gnreat lever; o, cold water pump; 'p,mine 
pump; q, tumbling-bob; r, pipe from boiler; r. 
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regaUitioff Talve> or throttle yalve, which i% iho^ 
f|9 moveaby hand in the engraviDg. 

The pipe t connects the condenser with it^ 
pump barrel, and has a valve at u opening in-» 
wards. The pipe vf conveys the air and watei; 
which is drawn from the condenser through thq 
valve tp into the hot water cistern. The pump y 
raises the hot water from the cistern t, to supply 
the boiler. The cistern k, is constantly reple-r 
nished by the pump o, with cold water^ drawq 
from the mine, so as to keep the temperature of the 
fluid> in which the condenser is immersed, as low 
as possible j the water which has become heated 
is allowed to escape by a pipe, which is no^ 
shown ip the figtirej its position is immaterial.' 
The sieam-cylinder is fix^d on a foundation o^ 
solid masonry, and the other parts of the apparatus 
are firmly united to each other, so as to ensure the, 
greatest possible truth in the various, working 
pearings of the mechanism. 

In the figure, the parts of the engine are shown 
^ if the operation of expelling the air frpm th& 
interior of the cylinder and condenser has been 
completed, and the machine in a position tp ^egin 
(ts first working stroke. 

The steam valve c, and the eduction valve e, we, 
ppen, as also the injection cock ; that pAct of the 
cylinder, therefore, beneath the piston, commupi"* 
qates with the condenser, and the upper side pf th^ 
liston is open to the action of the steam iropa the 
toiler. When the piston is forced by the steam 
lownwards, nearly to the bottom of the cylinderji 
tlie plug-frame I, which is attachec( to the great 
lever ti, also descends* and the tappets, 7, 8, t^i^e^ 
vpon it, strike the spanners or vaWe levers 1,2, S, 
Thifl action {)hut« the steam v§lve o^ fiad the c^ucn 
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iioA valve e, and opens the equilibrium valve d / 
the motion of the piston is thus instantaneously 
destroyed ; for the steam which lies above the 
piston being admitted through d beneath it^ it it 
placed in equilibrium^ and at this instant the . 
counterpoise on the opposite end of the great 
lever begins to weigh it upwards, 
' During the descent of the steam piston, the pis*, 
ton of the air-pump also moved from the top to^ 
the bottom of its cylinder, and as its descent com- 
pressed the air beneath its valves, these opening 
only in the upward direction, are lifted up, and 
when the piston has reached the bottom of the cy- 
linder, all the water also which had accumulated 
from the injection, and had flowed through the 
pipe A, will Jie on the top of the piston ; the rise 
of the lever beam, by the counterpoise, also ele- 
vates this air and injection wat^r, and it is ex* 
pelled through the pipe and valve w into the cis^; 
tern t. 

At the moment when the counterpoise has 
raised the steam-piston a second time into the po- 
sition shown in the figure, the tappets on the 
plug-frame strike the valve levers, and the entire 
action of the machine is reversed j e and e are 
here opened, and d is shut ; and by this means a 
vacunm being produced below the piston, the 
pressure of the steam above it forces it down- 
wards as before. 

The rods attached to the pumps for raising 
water from the mine, and for supplying the cold 
water cistern, and replenishing the boiler from the- 
hot water cistern, being fixed on the opposite end 
of the great lever, are raised and depressed in the 
same manner, as has been noticed in the descrip* 
tion of former engines. 

The steam has been described as operating with 
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adjusting the tappei*, go that they may strike oq 
tl^e steam-valve lever, and shut it, when the pistoa 
had reached a certain point in its course ; the 
steam would then be said to act expansively.—i- 
The small sii^ of the figure precludes an exhibi- . 
lion of some of the» minor details. Among thofa 
QQiittady which are usually placed on all engines^ 
i^ a rod which is attached to ope end of the valve* 
levers, having the plunger, or a weighty suspended 
at its extremity ; the tendency of whiph weight i^ 
t^ open the valve, as has been described. Eac^ 
lever is further provided with a catch, which actf. 
tf» keep the valve shut, when the weight has been 
iaise<^ by the plug-frame. When this detent is un* 
Ic^tiked, the valve opens^ and one catch is con* 
neoted with the other iq such a w^y^that when th^ 
apanners of the steam and exhafi^ting valves ara 
ri^leased, that of ^(le equilibrium valve is locked* 
The injection valve is also attached to the eduq*; 
t|QB valve, so that when the latter i% opea^, the 
atrap, or chain, which copqeQts them, opeo^ the. 
ipjectiqn valve also. 

The ends of two iron pias project outwardf 
from the arph-head o£ t^e great )eveT, )p order 
t|iat they may strikf^ on the iipper springs of th^ 
spring beam B, apd thus limit the leqgth of the 
stroke of the pistpnj should it at any time^ througl^ 
accident^ have a tendency to exceed its regulated. 
limits. *' It once happened that the valve of the 
pump-bucket breaking, the engine suddenly los^ 
Its load Of resistance^ which occasioned the pis^* 
tpn to descend, and strike on the spring beama 
fpr two or three successive strokes, with such vio^ 
lence as to ipeke the great piston rod quite; 
crooked. To prevent similar accidenls, a smftUer^ 
■tefvi pipt was a<14ed a( tN nid^ qf tbe ye^tiqai 



iteara pipe, communicating with the passage into 
the bottom of the cylinder. This pipe is kept 
eiosed by a valve, but if the engine descends sd 
low as to strike on the spring beam, a catch pin 
6n the beam strikes a small lever, and by a wir^ 
of communication opens the valve^ and lets the 
steam into the lower part of the cylinder beneath 
the piston, and this destroys the vacuum so as to 
prevent the further descent of the piston.'* 

The usual way of making the joints in the af- 
mospheric engines, and which was also practised 
by Smeaton^ was to interpose a thin ring of lead| 
covered with glazier's putty, and to Compress it 
very firmly between the flanges by meanii of 
Screws. This was found to be sufficient for th^ 
joints of tVie atmospheric engine, but Walt's En- 
gine required joinings made with much grealef 
delicacy, as the air had to be excluded frotti 
every part of the apparatus with the nicest care^ 
since its presence, even a small quantity, gteailf 
In^paired the energy of the mechanisni, while, in 
tbd atmbspheric engine, this was not so sen- 
sible. Instead of lead for the rings. Watt em- 
|>loyed pasteboard; cut to iit the flanges, anci 
then soaked in warm water until it had become 
quite soft; each piece was, in this state, l&id upon 
one 6f the flanges it was Anally to be placed be- 
tween, and smiall weights being laid upon it, it was 
left in that position^ until it was quite dry. After 
^ing thus moulded and adapted to their places, 
Ihe pasteboards were laid in a flat vessel, and 
<o?ered with drying linseed oil, (heated to 919^ by 
a water bath,) and were allowed to soak iti it 
.until they emitted no air bubbles ; they were then 
taken out to' be used^ and being anointed on botk 
^ides liith thin pnitj, made with if^t^ tiM drj 

H^hitbf , liMSotpoiat^ With th^ mut aryiug o\% 
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and being interpoaed between the flange8> which 
were previously made as smooth and true to each 
other as possible, they were firmly compressed by. 
screw bolts. White lead was tried as a substitute 
for the whiting^, without beings an improvement; 
the joints were good at first, but required to be 
often renewed : the method was subsequently 
changed for one more perfect; for this also we are 
indebted to Watt : and, like every thing he pro- 
duced, it is still the best of any m use ; and so 
perfect, as to leave little to be wished for ; dif- 
ferent artists may deviate a little in the propor- 
tion of the ingredients. Watt's is, however, en- 
titled to the preference. He look sixteen parts of 
clean cast-iron filings, or borings, two parts of 
muriate of ammonia, and one part of fiowers of 
sulphur, and mixed them well together in a mor- 
tar. This powder he kept dry until it was wanted 
for use ; when to one part of it he added twenty 
parts of iron borings, and mixed them well by 
trituration in a mortar. He then added as much 
water as made the compound into a paste, and in- 
troduced it into the joint, ^hich was then firmly 
united by screws. A chemical action was found 
to take place between the cement an'd the faces of 
the iron, which formed the joint, which scarcely 
left any thing to be wished for on the score of the 
most perfect impermeability to steam or air, or to 
the durability of the joining *. 

* Powdered qnicklime, mixed with bnllock^s blood, is often 
used by coppersmiths to laj over the rivets and edges of 
sheets of copper in large boilers, as a security to the jnno- 
tures, and also to prevent cocks from leakinev 

Six parts of clay, one of iron filings and linseed oil, snfi- 
eient to make a thick paste, make a good cement for stop- 
ping cracks in iron boilers. 

Boiled liase^ oil, litharge, red lead, and white lead, 
nixed together to » proper consistence, and applied on eac^ 
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The barometer gaug;e; which has been deseribed 
as placed on the cylinder to indicate the decree of 
force of the vapour within, was found by Watt to 
bean inconvenient instrument, and objectionable 
on account of the great vibration of the mercurial 
column, during the exhaustion of the cylinder, 
preventing the possibility of making any correct 
observation. Reemployed another device^ which 
he called an indicator; this was a small truly 
bored cylinder, a, from IJ to 2 inches in diame- 
ter, and from 7 to 9 inches in length, fitted with a 
small piston b, having a stem projecting upwards 
above the cylinder ; round the lower part of this 
stem a spiral spring, c, was coiled, one end of 
which he fixed to the small piston, and the other 
end he fixed to a frame or bracket ; above this 
bracket he placed a scale, and the upper part of 
the piston-stem'actcd as an index, to point out, in 
degrees of this scale, the rise or fall of the small 
piston. 

The indicator being fixed to the cylinder, one 
end is open to the air, and the other to the inside 
of the cylinder; when the cylinder is filled with 
air, the pressure is equal on both sides of the 
indicator-piston, and the worm-spring is adjusted 
then not to exert any of its elasticity ; this is the 
point of the scale equal to O. When, however, a 
vacuum is made in the cylinder, the pressure of 
the atmosphere on the upper side of the indicator- 
piston will extend the spring by pressing the 
small piston downwards; and the fall of the index 

tide of a piece of 'fisnnel, or even linen or paper, and pot be- 
tween two pieces of metal, before they are brought close tQ- 
|;ether, will make a close and durable joint, that -will resist 
Soiling water, or even a considerable pressure of steam. The 
|>Toportion of the ingredients are not material, but the mor^ 
jtiie red lead furedprninates, the sooner the cement will dry : 
and on theooatrary.— Ube*s Chem, IHct., p. 306. 

2K 
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io different points^ as tti6 vacuum i^ tftaa^ mbnt 
and more perfect, will give points on the scale, iA« 
dicating, with great precision, the degrees of ex- 
haustion in the steam cylinder; therefore, whei^ 
the working cylinder is filled with steam, the ih« 
dicator-piston will rise, being drawn up by th^ 
contraction of the worm-spring; and when thd 
steam flows into the condenser, it will fall to thai 
point corresponding to the degree of vacuum ia 
the condehser and cylinder, the worm-spring being 
foressed by the weight of the atmosphere. In 
fact, the indicator-piston is a correct, though mU 
iiiature exhibition of the various degrees of forcS 
exerted by the steam on the largk piston of th^ 
engine. A catd is sometimes substituted in the 
{>lace of the scale, and a pencil is fixed in the end 
of the stem, or index — so as to trace upon th^ 
paf^er the rise and fall o^ the indicator-piston, anci 
thus preserve a record at any particular time ot 
the operation of the machine. This elegant ad^ 
dttion is inentidned here, although out of its place 
tby a few years in the order of time), to give & 
inore concise idea of the mechanism of which it 
forms a part* It is slated to have been made by ft 
Mr. Douglass, a person in the employ of Watt atid 
feqlton, in 1789. 

^ The engraving marked Watt, represents a sec^ 
tibn of his double impulse, or rotative engin^« 
and the engine is that wlitch he erected to mov^ 
the machinery at the Albion Mills, a, the steaiA 
ty tinder; b, the piston ; c,the parallel motion ; ^ 
4be plug frame; e tf> steam valves ;/,/, th6ir levetif 
y 9, exhausting bt eduction valves ; A, h, tbeit 
levers or ipanners ; t, pipe to condenser ; Af, ton^ 
.cienser pump ; /, its piston ; m, injection valve $ fi^ 
•ceeeild cendetiser and air pump; o, hot-nrater eii& 
tern ; o, gOYerior> m conicitl |MMttlttt&; p, l^f^ 
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t(ffmt^i\i^ it vitb tiia thcoUle^v^lFA f>j f»lm^ 
ifat^r pump fpr supplying boiler with the water 
b^tied by the iDJeciion; «, cold vatar pump fQf 
^ipplying cQDdenser cistern ; /, placket whttel ; Hr 
sp^ wheeL If, rod connecting th^ planet fv be^l wit^ 
t(ie great lever ui« 

From the an^ple deacription that has bej^p f ivs% 
^f thf detailf pf all the parts as they were in* 
ventedi fi brief i^^ouat of t^e actios of tbifi f «^ 
quisite machine will suffice^ to make it ^Jearly; 
ypdeiftoodt Ip the figure, a eommuoicatioB ia 
9pei| kietween the uncwr fide of ^he pi«toB aaj 
qpndensef , and between the Mpper portion of tb« 
C^iinder and the boiler^ and the piston in at ih% 
iastaqt of begii^ning it& downward stroke. Wbeii 
it fiApmoy^d thfo ugh nearly three-fourths of its 
%bole course, the fall of the plug frame makes thfi 
tappet 1, strike on the apanner %, aad this shma of 
t^e further supply of steam from the boil§r* ft»cl 
the pistep is carried downward^ by (be pipaoaivQ 
property of the yapoqr wi(hi|i ib« cylinder; |i| 
^^ piston reaches to pefirly the limit of it« airoke, 
tjie plug fr^me disepgjige^ the catcU (n^t shown) 
^bicb relaiQad the ib9t ^ih^oation vaWe in itt 
fiOfitioBj anci allowf the fell pf (he f^unger 
Hr^igbta to open it; a cprnmuaioatipa is thui 
fi»fm?d between the upper sida of the pitton and* 
tb^ oQ^denser* At the j|am« moment that tba 
cutph wa# yplpcked from ope valve, the other exr 
haosting valve was shut and retained in this posi«; 
tiQB by tb« pthtr efl4 of tbect^h, whila the steam 
vdlvfi Donq^cted with it opens at the same mQ« 
nent* Tbe prpss^rfi of the vapour is now under 
tli9 pistOBi find the vacuum above itt the motion 
it thus rev^rseda and the piiitpn is pressed upward*: 
aipd so on alternately. The action of the air% 

fUApi IftllM Iftwe •» tb^t i» IN «BS^ «Bf in&i' 
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aDd4))e impulse, both upwards and ddivfifrardsj is' 
transmitted to the balanced lever by the parallel ' 
motion. The alternate action of the lever would 
also produce a reciprocating action at the end of 
the planet wheel rod ; but this wheel is prevented 
from moving in any part but in the orbit of the sun- 
wheel, and the impulse which the fly wheel has re- 
ceived during the movement of the working beam 
in either direction, carries the planet wheel be* 
yond its inactive or neutral points, and thus not 
only equalizes the motion, but makes it a conti- 
nuous rotary one. A cord or strap, «r, proceeds 
from a pulley on the aiis of the fly-wheel, and 
goes round another pulley on the spindle of the 
governor-; as the motion of the fly wheel is faat 
or slow, so is also that of the governor, the balls 
fly outwards as the speed increases, the lever ^> is 
depressed, and this being connected with the lever 
that moves the throttle-valve, which is adjusted 
to diminish the area for the steam, when the balls 
fly outwards, and it is opened or enlarged when, 
in their revolution, they fall nearer to their spindle. 

The mechanism of the vessel which generates 
the vapour, that actuates this powerful machine, 
also received some ingenious additions from the 
hand of Watt ; and the boiler of the engine he 
constructed for the engine which has just l^n de» 
scribed, was the first that had any pretensions to- 
be considered as a self-acting, as well as a self-re- 
gulating apparatu s. 

The upright pipe a, by which water was intro- 
duced to supply the place of that which had been* 
converted into steam, descended through the roof 
of the boiler, and its lower end was inserted into 
t^e water ; the other rose on'the outside, so high as - 
to allow an elevation of about S4 or 36 inches for . 
cpcb poaad, weighty that the vapour in the bqiler 



fmli f HpPQrt, a)K>ve the pieiiare pf tbe ^tmoM 
poere; 9s\V9tt seldom used vapour of a greatec 
leipperature, than to balance about 9 poundi 
"weight above the atmospherio pressure, the feej 
pipe seldom rose higher thao 9 or 10 feet above th^ 
naediam level of thet water in the boiler. Th^ 
top of this pipe was formed into a small cistern Oi 
having a valve 4) opening upwards; the stem e or 
the valve was fixed to a horizontal lever/, ppiyecj 
jpn a bracket g ; a thick wire h was suspended froni 
one end of this lever, and worked in an air-tight 
manner through a box i, having a flat stone sus- 
pended at its lower end, so as to float, as it were, oi^ 
the syrface of the water ; and to compensate for 
(he greater specific gravity of the stone, a weight 
ft, was hung at the opposite end of the lever, an^ 
the 8tone>m>at, thus made buoyant on the' surface 
ef tbe water, rose and fell with every change in 
Us level. 

'W hen« therefore, by the generation of stean^ th0 
level of the water fell, the alooe*float fell likewise^ 
and drew up the valve d, and allowed the water 
which lay above it in the cistern, to descend 
ihrpugh the pipe into the boiler; as the water 
leie in the boiler, the float rose also, and this shut 
tbe valve. By this contrivance, it will be appa* 
Uni, that no water could flow into the boile^ 
beyond the limit which was set by the adjustment 
ef the valve^ as this shut when the water raised 
the float to a certain height, and by this nieani 
the necessary quantity of steam was alwayi pre4 
served for the supply of the cylinder. 

By the valve x, watt also provided for another 
contingency in the use of this engine. "When tbe 
■pace in the boiler above the water was filled with 
tteam above 018 degrees, the weight of the atmos? 
£heie )M na t^^^m tp ct^t^ \\\^ \^\\»J} bu) 
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its lAFfiTT VALYB. 

^hen, by any casualty^ the vapour was condensed , 
some contrivance was necessary to prevent the 
sides of the boiler being pressed inwards by the 
weight of' the air. The valve x opens downwards^ 
and is kept closed by a lever z, having its opposite 
end loaded with a weight, When the dome of the 
boiler is filled 'with vapour of the ordinary elas- 
ticity^ this weight keeps it closed, but as soon as 
the condensation of the steam forms a vacuum 
within the boiler, the pressure of the atmosphere 
preponderates and thrusts the valve z downwards, 
and the air then fills the space which had been 
occupied by the vapour. 

The mode by which Watt allowed the steam 
to escape when its elasticity had a tendency to 
burst the boiler, dififered from Smeaton's * and Sa- 

. * John Smkaton, F.R.S., ivas born at Anathorpe, near 
Leeds, in 1724. At the age of fifteen years, he had made 
all his ovrn tools for working in wood and metal ; and among 
otheK things a lathe, by Which he cut a perpetual screw in 
hrass, a contrirance at that time little known, and of -which 
the invention is ascribed to a Mr. Henry Hindley, of York, 
an inventive mechanic of the first order, with whom the young 
artist afterwards formed- a lasting friendship. Smeaton, 
havinggivenupthestudy of thelaw, practised m London as 
a. watchmaker, and became well known among scientific 
men for his great skill. In 1763, he was admitted into the 
Royal Society : in the succeeding year he visited Holland, 
travelling mostly on foot and in passage-boats, to make him- 
self master with greater ease of the mechanical contrivances 
of these conntries. Tlte Earl of Macclesfield, at that time 
President of the Royal Society, being applied to by some 
Members of the Trinity House, to recommend a person who 
Could be entrusted with the erection of a new lighthouse on 
the Eddystone rock, althongh his Lordship knew Smeaton 
had no practice in such works, yet his character for caution 
and skill stood so high, that he was pointed out by the Noble 
President as the only person who posssessed the qualfications 
both of mind and habit, which were required to carry, so ar- 
duous a design into execution. Smeaton's success.more than 
justified the expectations that were formed of him ; the Eddy- 
Stone Lighthouse ranks as one of the grand productions g{ 



Kety*$ only in- the. valve hein^ inclosed iif s tteam* 
tight box, the spindle of which moved through b 
stuffing box, and was attached to a short lever; 
by this means, the vapour, instead of escaping into 
the atmosphere at once, was conveyed through a 

the age, and the. account he gave of his operations is a model 
for that kind of writing. 

The erection of this Pharos established his repntation; 
and his after labours are connected with almost every jtreat 

Jtnblic^ work of his time; ample details of which will be 
bnnd in his "Reports," pViblished after his death in 1797* 
He had an appointment on the Derwrntwater estates — di- 
rected tlie improveoients on the River Calder — on Rams- 
'gate Hairbour-rou JLondon Bridge-^and. on the Forth and 
Clyde Canal, &c. 

" The rule of his practice," says one of his biographers, 
** and one which he adhered to with the most nndeviating 
finnness, was never to tmst to dedactiona drawn from a 
theory, in any case where he could have an opportunity of 
trial. A^ he got older, he used to say, ' Care not about any 
tifeorjatall. A man of experience does not require it. In my 
intercourse with mankind 1 have always found those who 
.would thnattheory into practical matters, at bettom^ to be men 
of no judgment, and pure quacks. In my own practice, almost 
every succesiilve case woiud have required an independent 
theory of its own ; theory and quackery go hand in hand.' '* 

Hfl spent mnoh of his leisure in the cultivation of practiesi 
astronomy, and had a small observatory at Austhorpe, 
which was furnished with some excellent instruments. His 
manners were simple, his mode of life strictly abstemious; 
and, above all, he was moderate in his pecuniary ambition. , 

Smeaton ai>peared to Flayfair *' as a man of excellent .un? 
derstandiog, improved more by^ very extensive experience 
'and observation, than by learning or education. He had 
"touch the appearance of an honest and worthy man ;- bin 
manners not much polished ; his convevsation most instrao- 
tive in every thing t^at related to mechanics, or the business 
of an engineer ;'* bat in conversation the embarrassment of his 
language M-as very great. 

" Smeaton," says another of his biogrsphen-, *' had a warmth 
of expression,, that might appear, to those who did not know 
bim, to border upon harjtbnebs. But if he was sometimes 
hasty and impetuous in his disposition, he would always 
listen to reaaon."- 

About 17i6 his health began to decline,after which he gra- 
dually relinquished prqbMio^ewRlQVn^^nt. He died m lyW. 



pave Deep already det^ribed; r u a pipe by. 
jvhicb tbe boiler can be emptied at pleasure; s^ 
fu opening called the man-hole> to allow a person 
^pi^ress into the iniecior of the boiler, is covere4 
with a plate fastened by screws; t, is the grate 
OB which the coals are laid ; 1, 2, 3, flues ; 4, the 
door of the furnace; 5, ash-pit ; 6, pipe convey- 
bg steam from the boiler into the cylinder; 7, 
damper, which is the same as that used by Smeat 
ton ; 8, the pipe for showing the height of the 
.ipraier by inspection * ; O, a barometer for exhi- 
biting the elasticity of the vapour in inches of 
mercury.. 

' The fire place under the boiler also attracted 
•Watt's attention ; and reviving the furnace whiaji 
liad been occasionally used by the alchemists, and 
which (hey cfilled the athanovt he made the aiv 
«V*cli vasto pr<)inote the combustion, piix with 
4he smoke by traversing the surface of the ignited 
fuel \ instead of rising through the grate bars, as in 
the ordinary method, the fuel he made to fall into 
tiie fufnace from a hopper. Ue aUa proposecl 
«sing twofire$, one placed beyond the other ; oa 
the outer grate he laid crude, fuel, and on the inner 
grate the tire was made with charcoal only. Thf 
smoke which escaped from the fuel burning on 
the outer grate, passed over the ignited charcoal 
placed on the second grate, and inflamed the com* 
lustible matters before they could pass into the 
chimney. The first scheme Watt successfullir 
'reduced to practice ; but whether he could havt 
4one much ^ith the second is very doubtful. 

Such is a general outline of the parts and actios 
l»f Walt's celebrated mechanism. In a technical 
'description^ for the purpose of practical or theof 
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.retical illttstnition or reference, It? mtg^hf. be neces- 
sary to enter more at large into tlie mioociej and 
mJjastiDent of the parts of which it is composed, 
fiat in our little book, addressed, as it is, tor general 
readers, these -would be altogether oat of place. 
-Here a popular notice (in its chronological posi- 
•tion) of the actitm of a machine, supposing it to be 
constructed, is all that can be attempted* And in 
enumerating various subsequent inventions, even 
«iiU greater brevity than that which hatf been 
,uaed, will distinguish these descriptive sket^hesT; 
for probably it would be considered a very 
idle labour to describe, at length, many projcicts 
which have been produced ; some of them are 
first thoughts, and as such, worthy of preser- 
vation for their ingenuity, but yet requiring no 
minuteness of detail, to make the thought or ex« 
periment of use to others. 'To dwell on the mode 
of joining, the parts, and of adjusting the secon^ 
dary mechanism^, would^ in these cases/ be ab- 
surd. 

The steam machine that was invented by Mr. 
Bobert Cameron of London, in 1784, and which he 
called a heliacal rotary engine, was, after IWatt's, 
the first of a long series of attempts to obtain a 
rotary, instead of an alternating movement from 
the action of the steam fit was formed by a 
piston, which moved in a path made in the cy» 
linder ; the axis on which the piston was fixed, 
acted like a screw moving forwards, at the same 
time that it revolved about its centre of motion. 
Another of his schemes was to mpve a piston in a 
circular channel ; but his third contrivance,which 
is a variation of the atmospheric engine, had 
more pretension to practical merit, than his ro^ 
tary projects, and was applied to draw coals out of 
a pit atMountaoor, and to turn a mill.at Battersea^ 
near London. The cylinder had a partition in 
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Um mUiW ot -^ Imith, the pul«B Nd puMri 
Uicough it, Rpd had two pialan*, on* wsrkinf ia 
the uppacdiviiioi, •ad the •econd in ihalowM. 
|rbs upi^t conp*iisi*nl abeva iti piitoo, vm 
sp*D to ihtt air, the lovai to the atean, tnd the 
(njecii^B WM iiHroduced into the njlieder, undet 
tliQ pittoQ, while the Dihct pittftB leived die par* 
pefeeFapair-punp. 

Thii wBi a clever ancasfaiBKt «f Ntvcaiaaiii* 
|Bgine, bi|l fat itcouldoalr ba iatiodaced when 
|t«a* decided to uas as atmospheric appaiatei, 
«TaB4lihaugfa<ien«uiBiDe three timn iheruelihaa 
v^i luKoient to work Walt'* GandaniiBg engine. 
Put it ii (rue thai thi> and limilac achamea Tound 
p*troD» ; foi from prpjudica. of iDiua leu vortby 
pelive, (here were individuali, who vouki dM 
l^sept the boon o( W«(t'a iBiprovemeDt, al> 
tiiough, bj doiag ■•, thaj vould *ave a great 
■un «nnuall>, beoauae tha inventor iniiited on 
baring a part of iliia aa«iBEf ■■ a reaard br bia 
ingenuity. 
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** IT !• or VITAL IMPOftTAVeK TO KKKP PtfBLIO OPXKIOIT, 
0» TBI ApX 'or BPfCaLATJOlTr OK ' xifTtftPB^SK ; J70THINO 
OBSAT CAK BK ACHIEVXS VITHOUT TBIS IMPVL8X TO ZJt- 



Fboh Ibe brief historical ekelch Mr. John Fiteli, 
an Aiaerican candidate for the honour of having 
Ural navigaled a vessel by a steam-eng^ine, gave 
of hia progress, it appears, that, aa early as ITTO, 
the samelhoHght hndalso occurred (oa Mr- Henry 
of LancBiter, (Pennsylvania); and (hat in ITT8, 
the well-known Thomas PaJne had mentioned a 
«imilar project to Andrew Ellicoi, famous in that 
country, in his day, for his ingenuity. 

To Fitch, as it had been to some of his prede- 
cessoEt, the project became a minous one. " I 
confess," sayi he, "that (hefirstlhonghl of a steaoi- 
boal has been very nnfortunale to me. The per- 
plexities and embarrassmenla ihrouf-h which it has 
canned dip to wade, far exceed any thing that the 
common course of life ever presented to my view." 
Fitch had made a model of his contiivance, and 
■hown it to General Washington, who then recol' 
tect«d, that a Mr. Ram*ey of Viiginia had mnu 
ttooed tha Mme labject to hint in convenatiol 



38$ TITCB'S 8TBAX-B0AT. 

in the winter of 1784. Bat Fitch alleges that the 
model then exhibited by Rumsey to the General, 
was a boat to stem the current of rapid rivers, by 
means of wheels, cranks, and poles ; a contrivance 
which, Fitch says, bad been tried, many years be- 
fore either his or Rumsey's had been thought of, 
on the river Schuyllkill, by a farmer near Reading, 
and the project failed. .The inventions subse- 
quently claiined by Rumsey, according to Fitch's 
statement,* were improvements engrafted on his 
first scheme at a later period j and after Rumsey 
had heard of his (Fitch's) experiments^ and for 
which he had ample opportunities ; for as early 
as 1788, Fitch, on the Delaware Ri^er, had suc- 
ceeded in moving a boat by paddles, which de- 
rived their motion from a steam-engine, and after 
some public trials, he presented a model and de- 
SfriptioB t>f hts apparatus to a philosophical fios 
ciety in Philadelphia, and aldo to Congress^ ui 
1765. 

Both Fitch and Ramsey were supported by asn 
^ociations of wealthy persons, who were to share 
hi the profits of the respective schemes, and wlra 
advanced the money to make the experiments. 
, Rumsey 's boat,aboat fifty feet long, with which 
ne made some short voyages on the Potomac, i^ 
Jt787, was propelled by a vertic&l pamp in the 
middle of the vessel, by whieh the water waa 
4rawn in at the bow« and expelled at the sterO) 
through an horizontal trunk in her bottom. The 
reaction of the effluent water carried her at the 
rate of three or four miles an hour, when loadea 
with three tons, in addition to the weight of he^ 
engine of about a third of a ton. The boiler faeht 
iio more than five gallons of water, and needed 
paly a pint of water at a time $ and the wliole ma-f 
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ysquifed f^r hw Impels •f floav. Tke Apel mi«9 
Ruined w|if qot lnpre^tbao horn four t<| six bushek 
pi CQ9)s IB twelve ht^rs. 

Biimfey'4 9eceiid proj«et was to apply iha poirt 9 
of a steam-^ngioe to loQg poles, which weie tQ 
x«ach iba boUom of the riv^r^ apd by that meaat 
to push a boat agaiast a lapid current. 

DuriDg i\\en^ operations, Fitch aod bis Criends^ 
fEiQcyiiig that a profitable harvest might be reaped 
ffpm th^ ^ipe ioveption, if put io operatioB iv 
Pnglaod, sent flravijogs of their apparatus to Bolt 
ton and Watt, with instructions ip procure aa 
^QfflUh pateat for it. 

. This CQmiag to the knowledge of Rumsey'a 
qpmpany, they forthwith began to contend wiih- 
f'itch, eves on the distant ground which he had 
selected as the scene of his future operations^ 
tk>ptar Senjafnin lluah, a polemical physician^ 
entered the lists as a voluntqer partisan of Humf 
^ay's on (his occf^siQU) but with little credit to him-^ 
self; the petty malignity of his oppositioa is thft' 
iHQre e^^faordinary; for, although he is remem- 
\^fl^ as having beeQ a hasty tempered, be is ge*^^ 
narally considered to l^ave bt^^n a beaevolent maa« 

" A ctrtaia Mr- Bums^y^" sayt Dr. Bush Uk 
I^r* l^dltsom, ^ from Virginia, strongly racom? 
mended by General Washington, lately produced. 
^ pl^^ of a machina in #ur city, far' improving 
t^e steckm-engiae, by reducing the fuel they coii^ 
aupfied io Qne-eighth part of the usual cpiantity* 
This plftp, it is suspected, has been copied, witb 
i^ few tricing variations, by a person in this eity» 
equally Known Ibr plagiarism in philosophy, and 
a licentious opposition to the proposed cpnstitu*^ 
tion of the United States,) and tmnsmiitedto Mr.- 
Bolton, of X^ndon, with a view of obtaining a pa- 
m%<t for its Tkf on\} design of this latt^i i^ to rar> 

2 L 2 



'^S THORfn'ON's -LETTER. 

qti^st yoQ to suggest to Mr* Bolton, and to assDie 
bim that proper vouchers will be sent to him, 
which will irrefragably prove that (he sole honour 
-of the invention belongs to Mr. Rumsey, and that 
if any emolument arises from it, he alone is en-^ 
titled to it.'*—" Mr. Ramsey," continues the par- 
tisan Doctor, '* possesses a very uncommon me^-> 
chanical geniui^— he has invented a boat, which 
aails by means of steam four miles an hour against 
tite stream ; he expects to increase the velocity of 
his boat to ten miles an hour by the application 
of the principles of his new steana-engine to the 
discovery:, his modesty is equal to hi» talents 
for invention. In behalf of his friends, (who 
are among the worthiest citizens,) I write to you 
in his favour. Your name and character are well 
known in our city — ^we look up to you to protect 
genius, to detect and defeat fraud, and to reward 
industry and integrity, in a country which has ex- 
bibited so many shining examples of them all in 
the promotion of science." 

- To neutralize the effect of this letter, the 
friends of Fitch also addressed a statement of 
their ^ase to the same *' great man." But the 
communication of Mr. Thornton (since a senator) 
i* characterized by candour, and kind temperate 
feeling. 

. ^* I find," says he to Lettsom, " the company, 
of which Mr. Rumsey is principal, has procured 
a letter of introduction to thee from our good and 
worthy friend Dr. Rush. • He pretends, Ramsey, I 
mean^ to be the inventor of the steam-boat; I 
have, however^ inclosed thee a couple of pam- 
phlets, proving he got it from Mr. Fitch, of Phila- 
delphia. These pamphlets were published before 
I* had any thing to do in the afiair, and on be- 
poming acquainted with it fully, I purchased four ' 



Bh^T^ih or OBe-ient]i of the discoveFy. Tbo boat 
U to be tried this evening, or to-morrow, and t 
will endeavour to give thee an Account of it*. 
Ours is moved with paddle« placed at the stem^^ 
and wojrked by a smalj steam-engine." 

Fitch did nothing in England^ and the boaf 
built, at tll& expense of his wealthy friends, on 
the Hudson, served only to make some unsatis- 
factory experiments^ which did not even con- 
vince himself that the " paddle principle" was 
objectionable. But he had one consolation,-— 'tha^ 
if he had failed to obtain the confidence 'of the 
public, bis opponent, Rumsey's experiment* oq 
the Potomac passed equally unheeded. The fail^* 
ure of both to carry either of their schemes into 
practice, ip their case, a^ it had previously doni) 
IB another, settled the dispute as to priority of 
invention in America. 

Oliyer^vans, a townsman of Fitch, pd near|jp 
about the same period, had been maturing a plaa 
for using steam of an elasticity ten times greatev 
tban that emplqyed in the condensing and atmos- 
pboric engines. And bis proposal wfis further re? 
aarkable, as embracing a device to propel wag« 
gons on common roads, by a steam-engine instead 
of horses. ** But all united," says he, ** in con4 
demniBg the scheme, except two gentlemen (one 
of whom was a projector himself), and indeed 
dpe, who has tbe name of a celebrated engineer^ 
contioMed to oppose them for a lopg time after 
they were fully ia operation *." In 1786, whea 

f On«of his adversaries was a Mr. Latrobe, who vniformlf 
opposed steam-boat projects, as well as those for steam-cai^ 
riag^es. Fifteen years after this period, and three years b«> 
§0Te they were finally establishea, (nnfortunately for bis ra> 
notation,) he prioted a report against their jpractieability.-* 
We quote it as oontaining some /ocCf respectiBg steam-navi^ 
gation.— H After the American RerolaUbB, « aofl oC^aMwia 
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$90 ' LATROBB'S HEPOftT. 

Evans applied to the legislature of Pennsylvania, 
for an exclusive right lo move land-carriages by 
^team, *' they conceived me to be deranged/* 
says he, ** because I spoke of What they thought 
impossible, and they refused to grant the privi- 
lege 1 prayed for." The authorities of Maryland, 
to whom he next applied, with more wisdom than 
their neighbours, granted his petition, on the prin- 
ciple, that what he asked for could injure no man, 
and might cause hira lo produce something use- 
ful." But with all his perseverance, his reputa- 

beffaa to previul, which, indeed, has not yet entirely sub- 
sided, for impeUing,boats by steam-engines. Dr. Franklin 
proposed to force forward the boat by the immediate action 
of the steam upon the water. Many attempts to simplify the 
working of the engine, and more to emplot » means of dis- 
jpensing with the beam in conrerting the libratory into a ro> 
tary motion were made. For a short time a passage-boat, 
rowed by a steam-engine, was established between Borden 
Town and Philadelphia, but it was soon laid aside. The best 
md most powerful steam-engine which has been employed 
for this purpose (excepticg, perhaps, one constructed b^ Dr. 
Kinsey, with the performance of which I am not sufficiently 
acquainted), belonged to a few gentlemen of New York. It 
was made to act by way of experiment upon oars, upon 
paddles, and upon flutter wheels ; nothing in the success of 
these experiments appeared to be sufficient compensation for 
the expense, &nd extreme inconvenience of the steam-engine 
in the vessel. - 

' ** Thare are, indeed, general objections to the use of th« 
steam-engine for impelling boats, from which no . partioular 
mode of application can be free. These are — 1st. the weight 
of the engine and the fuel — 8d. The large space it occupies. 
—3d. The tendency of its action to rack the vessel and ren- 
der it leaky.— 4tb. Tlie expense of maintenance. — 6th. The 
irregularity of its motion, and the motion of the water 
in the boiler and cistern, and of the fuel vessel in rough 
.water.— 6th. The difficulty arising from the liability of the 
paddles or oars to break, if light, and from the weight, if 
made strong. Nor have I overheard of an instance verified 
by other testimony than that of the inventor, of a speedy and 
agreeable voyage having been performed in a 6team-boat of 
jK^y: QoostntQtio^" ... 



tion fcMT pmctical knowledge^ and his privilege tci 
boot, Evans could not persuade any person of sub- 
stance, to think so favourably of his steam-wag« 
g6n> as to furnish him with the means to try one 
on a common road. And the drawings and descrip- 
tions of his scheme which he sent to England^ to 
find a patron there, produced no better result. 
■ The history of the result of another attempt to 
navigate by steam, which was made in Scotland, 
by Mr. Patrick Miller of Dalswinton, has been 
lately given to the public by his son *• Mr. Miller, 
in 1787, had published a description and drawings 
of a triple vessel, moved with wheels, and gave a 
short account of the properties and advantages of 
the invention . *' In the course of his explanations, 
he suggested that the power of a steam-engine 
may be applied to move the wheels so as to give 
them a qnicker motion, and consequently to in* 
crease that of the ship. It may readily be be- 
lieved, that this hint of his intention to apply the 
power of steam to the' wheels of his doujble and 
triple vessels, was not hastily thrown out. In the 
course'of his various experiments on the compa^^ 
rative velocity of his vessels, with those propelled 
by sails, or by ordinary oars, which had given oc« 
cation to several interesting and animating- con- 
tests for superiority, he had strongly felt the neces- 
sity of employing a higher force than that off the 
human arm, aided as it might be by the' ordinary 
mechanical contrivances; and in this view, various 
suggestions were successively adopted, and in their 
turn laid aside. Thus, at onetime it occurred to 
him^ that the power of horses might be usefully 

***A short narratire of facts, relative totbe invention and 
|iractice of steam-navigation, by the- late Patrick MUler, Esv. 
of DaUwintpD, drawn up by his eldest son.**— Jftfis^ty* 
FhUotophicaiJwnalAQii. " 



^plaiifd-; w^ile ft ^Botl^y the aM of-iriAd 
vUelf j^em^d to furoish the meaD« of coqnteract" 
ing U9 owQ difec^ s^od ordinary operatioB. Bu(. 
apaoi^g aU tfte possibly varietie? of force, i\it\\ of 
qiteam preseoted it$elf to hit mind, a« at once tba 
i|Qiost potent ^ the n^o^t pertain^ ^nd the ipQ^t mar 
nageable." 

. *' la Miller's family the^e i^as at this time, as 
tutor tq hif younger ^hildreo^ Mr. Jamas Taylpi^ 
ivho had be8to\Yed if^pcb att^qtion on the steam- 
engine, and whq was in the custom of assisting 
filler in his ei^perimants pn paval arctiitecture^ 
^ndi the (filing of boats *t On^ d§y, in th^ very 
heat of a keen and breathless contest in which 
^b^y were engaged with a boat on the Leith esta*; 
iiHshm^nt, thi^ individnaj called ont^o bispatrQAa 
^ that they only wanted the ^^sistance of a steam-i 
engine to beattheitopppnen^;' for th^potwer qf 
the wheels did not moye the boat faster than i^v^ 
mjle« per hflHr- This was »P^ lo»t on MiUert an^ 
\t lad to many difpussioni on tho ^nbjept i iand^ if 
WQS upder very confident l)f Uef in its «nccass, M^al 
U>e aUysipi) was ipade to it in Iha bpqk al^aad^ 
fientipned. 

''\n vnaHiPf his ^rst <a^perimQQUi MiHar d^am€<i 
it advisable^ in every point pf vjew^ tq begin npoji 

t Mt. MiDor^ 4^ various periods of hig ^if«, "h^^ e^tltai-Ved in 
qjsny ffreat scheaies pj i^nproTem^t^t, and, amoi^^ others, n»d 
expended large sums in experiments on the improvement of 
lirtillery and naval architecture. It was in tse coarse '«{ 
M9^f>{|0ft4lfttiQns and experiments on the latter g|ibje«t that 
|k,Q was led to thin]^ of aevi^ing sonu fnode of oontitrnoti^ 
or pcopelling vessels in circninstances where the ordinary 
iesotrrcei^ orthe nautical art were insufficient or unaraiJing*; 
among these, the consttrnction of double and triple yessels, to 
keTooved by wheels placed in proper situations, had oocnrred 
to hion, as calculated to prove of essential service, and hf 
ai£«0rdiagly bttUt and tqttippeitl several vessels of this ^t^ 
scriptioa.*' . 



9 small scale;' yet a scale qaite sitfficient to 
^termine the problem 'which it was his object 
to solve. He had constructed a very handsome 
'double vessel j with wheels, to be used as a plea- 
"iiare boat on his lake at Dalswinton, and in this 
little vessel he resolved to try the application of 
isteam." On looking round for a practical engi- 
Deer to execute the work, Taylor recommended 
a Mr. William Symington to his attention; 
vhom he had known M school, and who had re- 
cently contrived a mode of applying the force of 
Bteam to wheel carriages; and he accompanied 
Miller to the house of a Mr. Gilbert Meason in 
Edinburgh, to see the model. Pleased with this 
specimen of Symington's ingenuity, he employed 
him, in conjunction with his friend Taylor, to 
superintend the construction of a small steam-en- 
gine, to work a double or twin boat. And in the 
autumn of the same year, the engine, which had' 
brass cylinders of four inches in diameter, was 
fixed in the pleasure-boat on* Dalswinton Loch. 
*f Nothing could be more gratifying or cdmplete 
than the success of this first trial, and while for 
several weeks it continued to delight Miller and 
his numerous visiters, it afforded him the fullest 
assurance of the justness of his own anticipation^' 
of thepossibility of applying to the propulsion of 
KiS vessels, the nnliinitable power of steam. - On 
the approach of winter, the apparatus was re-' 
moved from the boat,' and placed as a sort of tro- 
phy in his library at' I^alsWinton, and is still 
preserved by his family, as' a monument of the 
earliest instance of actual navigatirtm by steam" 
in Great Britain. 
• Symington, in the succeeding yeaf, was. again 
lebmrnissioned by his patron to try the experi- 
jDHent on ti greater scale ; a double vesseV sixty ' 
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volviog ptckUes, waited to the supposed exigt^ncifi 
Qf tbt case. Th« eoii^ine nod machinery were f qq? 
•tructed at Carron, and in the courte of ai^ inoDihf 
|he veaael was readji: to be put in motion. In 0«^ 
Mmber, 1789, it was tak^p into the Forth and Clydif 
(^nal, and in the presence of a vast number of specy 
latora, the macl^ioery was put in motion. " Tbif 
fa9pnd trial promised to beevery way as piospeiouji 
as tbe first, ll happened, uqluckily, however> thai 
^he revolving paddles had not been made of suflif 
f ient strength, and when they if ere brought iot^i 
^ull action, several of the float-boards were carried 
^way, and a very vexatious stop w4s, for that day, 
|iut to the voyage. The damage was repaired, 
and 00 the SJtth of December, the steam-boat wa^ 
again put in motion, and carried along the canal 
at the rate of seven miles an hour> without any 
uptoward accident, although it appeared evident 
that the weight of the epgine wa^ an overburden 
fpr the y esse I (her planking being only three 
quarters of an inch thick)« and that under such 
a strain it would have be^ imprudent to veo^rf^ 
tp sea. The expf^rimeni, however, was ^^lu re«. 
poated on the two fol(o^ing dayfi i aod having 
i\i\ii satisfied himself of the practicability of hi<). 
•pheme, he gave orders for unshipping the appa-r 
njius, ^nd laying it Mp in the storehouses of t)ia 
CawQH (:Qmpai^y." 
. " It may nat^raIIy occasion surprise an«| di^^p- 

£i9iQtmeqt," continues his ))oo, ** fhatj I should 
ave tQ terpAinatehere, thisaccouqt of my f4tW'9 
experiments on stean^-navigatioi) ; that he did not 
follow up these prosperous and decisive trials of, 
it^eftcaffyy with the same spirit ^nd perseverance, 
which had been so conspicuous m many other iq^. 
ft^ncesj, mu8( f9F ^vey jia Wttet 9( rejre^ ^o hjs. 
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femily, ^s it was to lilmsfelf in the lattferyeart fft 
his life.** The ftlct, however, was, " that he haa 
to complain of the enotmoui eTtpense in which 
he had been involved ; and I may be permitted tto 
add/' conlinnes his son, " that by this time my 
lather, in th^ prosectition of his various schemes 
bf a pnfely public nature, and withotit th^i sli|htw 
est chance or etpettatioh of reimhurst^itient, hftH 
expended upwards of thirty thousand pounds." 
And, being by this time ardently engaged in agri* 
cultural pursuits, his attention was more easily 
turned from the objects of his former speculations, 
than those acquainted with his character would 
have been prepared to anticipate. 

" Be that as it may, it cannot be disputed, that in 
point of fact he liad fully established the practica- 
bility of propelling vessels of anf ^ize, by means 
of wheels or revolving paddles, and of adapting to 
these the powers of the steam-engine, although, 
in the subordinate details of executiod, great room 
remained for minor improvements." 

'' Of my father's peculiar and undoubted merita 
as an inventor, I have/' continues his son, with 
a pardonable partiality, *' endeavoured to give a 
fair and unvarnished account; and of the reality of 
that invention, as carried into actual pfactice in 
the years 1788 and 1789, no demonstration more 
unequivocal can be desired than tbat^ with ^ 
few but most satisfactory experiments^ the prose- 
cution of this momentous discovery iremained 
suspended for many years, in a state of inactivity 
and neglect, till at a 'jyetiod comparatively recent^ 
it was revived in America, and in this country, by 
persons who can be proved to have derived their 
first lights from the experiments at Dalswinton 
and at Carron. But I have felt no other desire 
than to xecox4 the facts immediately connected 
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with 0)7- bthec'i opemtioDi, sDd lo «Iabluh the . 
priorit; of his claims (o the credit of having ori- 
ziimled, and caciied into practical execution, an 
■mproTement in (he nautical art, bj' far the moit 
impottBDt or which the preicDt age has to boait; 
end the uttimate effects oF which, on the future 
inlercoane uf muukiDd, the moat MDguine imagi- 
dbUod would altempt in vain to predict," 
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** TBI BAVI or XMPBOVnilVT X8 A H0PXLE88KXS8 09 ITS 
POUIBILITT— >AVOTHXE BAVX IS BSB VABT OJT fUDOMBNT 
TO SXX ITHBXX THX DXPXCT LIX8, AITD PBACTZSlRa ON THS 
WBOHO rAAT."-^CO<l. 



Tmb Iom of power from the leciprocation of the 
motion of the manive parti of the condeaiJDg en- 
gine, wat gieatlj magniSed] b; alt those whose 
attention bad been given to the nibject. Aroirl' 
ing' (bis supposed evil, was one of the adranlages 
' expected to arise from the iDventioD of a rotarjr 
' engine ; but tbe steam-wheel described bj Hi. 
WilliamCook in 1 T8T, \t still less adapted to prac- 
tice than Watt's, and itmeritsadesciiption only as 
being the flnrtofaclass. The wheel a, has valves 
or flaps, e d e, hung upon its circumference and 
opening only in one direction ; (he half of the 
wheel 16 enveloped In a case made steam and ait' 
tighi; /, is a pipe leading from the boiler, 9, a 
pipe leading to (lie condenser. A, a piece of wood 
wbich shuts the valves ai they come into contact 
with it; and those which have passed the condenser 
pipe ate shut by the horizontal part oF the casing; 
as Iha steam issues through (be pipe /, it pienea 
fonrard (he valve* ede, towaids ttie condeeier 
3 II 9 
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pipe, and the wheel U made to xevolve at th^ 
flaps or valves in the other parts of the circum- 
ference enter the steam-tight casing. Cook made 
bis flaps to have an area of thirty-six square inches, 
and thought his wheel would be forced round 
with a force equal to five hundred and thirty-one 
pounds ! 

The next attempt to produce a direct rotary move- 
ment, was made by a man second to no one of his 
time for the number, originality, and usefulness of 
his inventions. Joseph Bramah was the eldest son 
of a small farmer, and followed in his youth his 
father's occupation. His hours of relaxation from 
the business of the farm were, however, genemlly 
spent in attending a neighbouring blacksmith's 
shop, between whose tenant and himself was 
shared the merit of several ingenious pieces of 
mechanism, ^n accidental lameness in his 
ancle uDfitting him for agricultural labour, he 
was apprenticed, in his sixteenth year, to a car- 
penter and joiner ; at the expiration of his ser- 
vitude he went to London in search of employ- 
ment, and there he soon established himself as a 
master in his trade. His extended means enabling 
him to indulge his mechanical' taste, he quickly 
became known as a man possessing a fine inveo- 
iion, as well as great executive skill. The ad- 
mirable lock which bears his name, was the most 
perfect mechanism of its kind that had ever been 
produced, and to this day it is unrivalled for 
safety, durability, elegance and simplicity. The 
pressure of fluids in every direction, had been com- 
mented on, from the time of the Greek philoso- 
phers downwards; the disparting of mountains, 
and the heaving of valleys, were explained by men 
learned in hydraulic action, as produced by this 
property of fluid matter 3 th^ form of the model 
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by which they expldined the prittotple^ Is felill 
retained^ andknowti as the hydrostatical paradox; 
and who has not admired the beatitifol toy ? It 
was Bramah who flnt called the latent power into 
exertion^ and in applying it to the purposes of life 
produced a machine^ by the aid of which, with 
the puny force of a child's arm> he could tear up 
trees by the roots, and crush bars of iron as if 
they were pieces of wax beneath it. if, as an 
invention for developing power, it is equal in im- 
portance to the steam-engine, it far exceeds it in 
value as a machine of society : (ot its use is limited 
by no circumstances of a local nature, nor depends 
on a consumption of any extraneous substance 
whatever; two small pipes, each fitted with a 
piston and a little water, which for years needs 
no replenishing, gives to an ordinary man in all 
situations the strength of a giant*. 



* J08BFH Bbaxah, one of the greatest mechaoios Eoffland 
has pnxluoed, was bora on the 13th of April, 1749* at Stain- 
borough, in Yorkshire : he exhibited, at a very early age, an 
anusual talent for mechanical contrivances, and succeeded, 
when he was quite a boy, in making two violoncellos, which 
were found to be very tolerable instruments ; and in cutting 
a single block of wood into a violin, chiefly by means of 
tools, which were forged for him by a neighbouring black- 



smith, whom, at a subsequent 



period of his life, he induced to 



assist him in London as his principal workman. The best 
history of Bramali's future life would be a history of his 
iaventiOBa, but our limits will only permit our giving a bald 
catalogue of a few of them. In 1784 he produced his cele* 
brated /ock, the peculiar character of which depends on the 
arrangement of a number of levers, or sliders^ to preserve, 
when at rest, a uniform situation, and to be only pressed 
down by the key, to certain unequal depths whicn nothing 
bnt the key can ascertain— the levers not having any stop 
to reteitt them in their required situation, except that 
whieh forms part of the key. He added afterwards some 
■OMtdifieattoas for allowing the key to be varied at plea> 
s«ic. The report that one of these locks had been readily 
opened, before a Committee of the House of Commons, by 

2 MS 
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In his deslgiw for a rotary «team-eBgioe, he was 
asaociated with a Mr. Dickenaon, bot Bramah^a 
gipnias is apparent throughout; his Arst scheme 
will ^adily recall the general appearance 4>f hU 

means of a common qnlU, was a gross misrepresentation of 
the fact ; the oaiU having, in reality, been previonely cut into 
the required shape from the tme kejr, an experiment which 
was only made to show the perfection of the workmanship, 
and the very small force required to overcome the resistance 
whenpmperlv applied. It has been subsequently stated, that 
one of these mcks had been in use for many years, and had 
been opened and locked not less than four hundred thousand 
times, and apparently was as perfect as when it was first 
constructed. His watercoekt or valve, allowed the fluid a 
more uninterrupted passage through it, than those did which 
were on the common construction. His ** rotative principle 
will be understood by apposing water to be employed in- 
stead of steam in the machines described in the text— a similar 
idea was thrown out by Ramelli, Cavelleri, Amontons, and 
others. The invention, aowever, for which he will probably be 
best known to posterity, is his hydroMlic preUt^ in which the 
smallest imaginable force is capable ■ of holding in equili- 
brium, the greatest imaginable pressure. This is one of the. 
most admirable machines in the whole compass of the arts ; 
some envious blockheads call it Pascars Machine, and 
in their descriptions the^ almost say that Pascal invented 
it ; bxit that ingenious philosopher has about as much claim 
to this great honour as the old woman who first discovered 
her beard and her wrinkles, in her polished pewter platter, 
had to be considered as the inventress of the Newtonian te- 
lescope. Before Bramah's time, ** Bonifaces were obliged to 
trudge to the cellar for every drop of the beverage theymea- 
fiurea out to their customers ; or have their barrds placed in 
waiting on the same level with their parlour : in most states 
of weather, this was a hazardous position— in some 
states it was positively injurious." Bramah, by his elegant 
Beer Machine^ enabled them to pump up into the measure 
in the bar, the^ fermented juice contained in various casks 
in the cellar — ^it is now in general use. His steam vfheel* 
and vaivei have also been noticed in the text. 

Machinery for smootkit^ surfaces was another of his elabo- 
rate and beautiful specimens of mechanism. It was erected at 
the h ational Arsenal at Woolwich with perfect success ; the 
axis of the principal shaft was supported on a piston in a 
vessel of oilt which diminished the fnction considexablyi and 
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lock ; ft hollow cylincler a, is divided in the middle 
of its lengthy by a partition b, to which the axle is 
fixed ; c, a piston fixed on its circumfexence ; d e 
apertures made on each side of the piston, d com-* 

could be accurately reenlated by means of a small forcing 
pump. He introdaced also a mode of turning spherical sur- 
faeeSt either convex or concave, by a tool moveable on an 
axis perpendicular to that of the lathe : and fixing a curved 
tool in the same position he cut out concentric sheels. He 
also described machinery for making paper in large sheett ; 
for printing by means of a roller ^ composed of a number of 
circular plates, turning on the same axis, each bearing twenty- 
six letters, capable of oeing shifted at pleasure, so as to ez- 
pretis any single line by a proper combination of the plates. 
This was put in practice to number bank-notes, and enabled 
twenty clerks to perform the labour which heretofore had re* 
qiiirea one hundred a^d twenty. His scheme for vMiking amd 
holding pens is well kiuown ; and his project for main pipes in 
1812, was, however, in some parts, more ingenious than practi- 
cable. In describing them, he mentions having employed a hy- 
drostatic pressure equal to that of a column of water twenty 
thousand feet high, (about four tons for every inch). He 
also asserts that he can form five hundred tubes, each five 
feet long, capable of sliding within each other, and of beinff 
extended, in a few seconds, by the pressure of air forced 
into them, to a length of two thousand five hundred feet ; 
with this power he proposed to raise wrecks, and regulate 
the descent of weights. His improvements in wheel carriages 
consisted in fixing each wheel to a separate moveable axis, 
)iaving its bearings at two distinct points of its length, but 
loosely inclosed between those points in a cylinder filled with 
oil; in another, opposite wheels were to be fixed to the same 
axis, though with a power of turning very stifiy round it to 
lessen the lateral motion in rough roads ; and he soggests 
pneumatie springs, formed by pistons sliding in cylinders, at 
a substitute for springs of metal ; latterly, ne improved the 
machines for sawxng stones and timber, and suggested some 
alterations in the construction of bridges and catuu locks. His 
last illness was occasioned by a severe cold, taken during 
some experiments on the tearing up of trees in Hcdt Forest. 
He died on the 9th of December, 1814. 

Bramah was a sincere and unostentatious follower of the 
precepts of Christianity— his conversation was animated, and 
in it« geoeraltoii^ SAd bias might be characterised as polemi* 
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muTiicatiog with one half of the cylinder and 
condenser^ and e with the other aperture and the 
boiler; / g sliders, which, by means of the rota- 
tion of an eccentric wheel, ar, may be moved 
inwards to press against the cylinder a, or with- 
drawn into the recesses h t, so that the piston ia 
its revolution can pass freely over them ; it is so 
arrang^ed, that at the moment one slider is pressecf 
against the surface of the inner cylinder, the other 
slider is drawn into its recess. In the figure, the 
slider g^ is pressed upon the revolving cylinder, 
and the steam enters through the aperture e, be- 
tween g and c, while all the rest of the space 
within the drum is open to the condenser through 
the aperture ef, the piston therefore is uiged 
towards/, and over it; when tire slider/ is moved 
inwards, until it comes into contact with the 
cylinder a, at the same moment the slider g is 
drawn into its recess, until the steam which flows 
into the space bet ween /and c, has uiged the piston 
beyond it ; it is then again pressed upon the 
h*llow cylinder, and the other slider is drawn 
outwards ; all the parts are then in the position 
shown in the figure, and the piston has made a 
complete revolution, and is commencing its second. 

oal: to mach facility of expression he added the most perfect 
independence of opinion — he was a cheerful, benevolent, and 
aflfectionate man— neat and methodical in his habits — and 
knew well how to temper liberality with economy; and, 
greatly to his honour, he often kept his workmen employed, 
solely for their sake, when the stagnation of trade prevented 
him from disposing of the products of their labour. As a 
mannfactarer he was distinguished for his promptitude and 
probity, and he was celebrated for the exquisite finish which 
he gave to his productions. In this excellence, which he was 
the first to introduce, so he continued, as a model to be un- 
rivalled. At his death he left his family in affluent circum- 
stances, and his manufacturing establishments have, since his 
death, been continued by his sons.— i/innotr by Ds. Bbown* 
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The two foUowiog figures, i, 8, will be under* 
9tood from inspection ; sliders or valves a h, move 
backwards or forwards in a hollow cylinder c, 
which revolves within a fixed cylinder d ; within 
this fixed cylinder is a circular division «, which 
at the point f, is brought into contact with the 
revolving cylinder, and by this means makes a 
division between the two halves of the cylinder. 
The pipe g, connects the fixed cylinder with the 
boiler, and opens a passage from it to the pipe 
A with the condenser, one of the sliders will thus 
always be interposed between the pipes ^ and h ; 
a vacuum being made in the condenser, and steam 
permitted to flow into the cylinder, it will act to 
press the slider a towards the pipe A, and as it 
comes into contact with the inner division «, it 
is pressed into the revolving cylinder j but during 
the revolution, the other slider, by coming into 
contact, has been moved outwards so as to bear 
against the outer cylinder, and be interposed be- 
tween g and A, and is pressed forward into the 
vacuous space, by the steam from the boiler, 
until it comes into contact with the division e, and 
passes the condenser-pipe; during its progress to 
this point, the other slider has again been pressed 
outwards, and forms the partition between the 
steam and the vacuum as before. 

In the third figure, the inner division e is dis- 
pensed with, and the revolving cylinder is brought 
into contact with the outer or fixed cylinder. The 
diders are formed and placed in the same manner 
as in the previous design, and are also moved 
backwards and forwards, by their opposite ends 
coming into contact with the outer cylinder. 

Symington's combination of the parts of Newco- 
men's engine was a clever attempt to reap the be* 
nefit of an inventiop^andavoid the claims of itsau* 
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thor. ThU apparatus was a very long* cylinder, ha v- 
ine its lower end turned like an elbow, m a horizotH 
taf position. The upper side of the steam pistoti 
was open to the atmosphere, the inner, or air piston 
had a separate rod, which worked through a stuff- 
ing box (so as to be air-tight) at the bottom, and 
was attached to a horizontal lever> which was 
moved by being fixed to a rod hanging from the 
balanced lever. The steam piston never fell be- 
low the steam- pipe opening, and the air piston 
never rose above it; and if Uie stroke of the up- 
per piston was forty inches, that of the under was 
between five and six inches ; a steam pipe and 
valve was fixed about the middle of the vertical 
cylinder, and an exhausting pipe and valve also 
entered it nearly at the same place ; this was car- 
ried into the horizontal part, or elbow, and a 
valve formed a communication between it and the 
lower part of the cylinder ; and a jet of water was 
introduced as in Watt's condenser, and to perform 
the same office. An air valve, opening outwards, 
was fixed at the lower part of the cylinder ; and the 
lower piston had a similar valve opening upwards. 
Supposing both pistons to be at tne highest limit 
of their stroke, vapour flows through the steam 
valve, and fills the space between the pistons. 
The steam valve being shut, and the exhausting 
valve opened, the jet playing in the elbow part 
condensing the vapour which rushes in from the 
cylinder, kirms a vacuum beneath, in the space 
between the pistons. The upper piston oeing 
open to the atmosphere is pressed downwards, 
while, at the same time, the lower piston being 
attached to the balanced lever, is also drawn 
down, and in its descent expels all the air and 
water beneath it through the air valve into the at- 
mosphere, or hot- water cistern. The steam and 
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air pUtooa having reached the limit of their atrokes^ 
the exhaustiog valve is cloAec]^ and the steam 
valve opened ; the st^m is again introduced be- 
tween the two pistons^ and this allows the coun- 
terpoise to act to draw the steam piston to the top 
of the cylinderi and to press the air piston into its 
first position. 

So palpable an imitation was not calculated to 
effect the ohject of which Symington was in pwtn 
suitj and the use of one or two of these engines 
which had been erected was given up by their 
owners, rather than risk a comparison being drawn 
in a court of law, between this and Watt's exqui* 
site mechanism. 

The modification of Savery's apparatus, adopted 
by Mr. Francois, a professor of philosophy at 
Lausanne, in the draining of a morass, between 
the lakes of Neuchatel, Bienne, and Morat^ re- 
sembles Genaanne's, (p. 199), but as a whole has 
more practical merit. (See figure marked Fran- 
cois.) The lower end of the suction pipe, a, is 
immersed in the water b, a valve in the bottom of 
the recipient c, d cock and pipe from boiler ; e 
a lever with two tappets between a lever attached 
to the steam cock plays i /a pipe from the trough 
gy which has a valve opening upwards, and moved 
by the lever e ; h, the eduction pipe and cock, m 
a rod, which acts between two tappets fixed on 
the lever t, which is jointed to the balanced 
trough k. When the recipient is nearly filled with 
water (as in the figure), the steam and eduction 
cocks are open, and the water is forced through m 
into the balanced trough, which is nearly filled; 
the end o preponderates^ and the water is emptied 
into the trough g. 

The fell of the balanced trough raising the end 
of the lever f> this shuts the eduction cock; at 
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the tame time Ibe lerer » ihaU the iteam coctc, 
Bndopem the small cock in Ibe pipe/; this allows 
a jel of water to fall into the lecipieDt to coDdeoae 
iheMeam, and b vacuum being made in it, tbe 
water from the morasi riaes through (be luetion 
pipe, and iBisingtheTalre fills the recipient. Ttaii 
IS s very quick operation, for as BOODas all the 
weler tiat been emptied from the trough, the 
counterpoise n tettores it to its flrsl position, and 
this movemenl makes the lerers restore tbe cocks 
lo their first posilioQ. The eduction and steam 
cocks are tbeiefora opeoed, and tbe steam from 
the boiler forces up the water as before. 

The neit contrivance for a rotary motion, dif- 
fering widelj* from thoie b; Bramah and Watt, i* 



described bvLangidorf, a German author, as Ibe 
invention of one Kempel, his couniryman j il will, 
hQWeyer, be recognised as of Che same fomily 
niih that which has been deKiibedaiHero'A to;. 
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The steam rising from a boiler through a ver- 
tical pipe, flows into a horizontal tube, which 
revolves on the vertical one, as on a pivot, the va- 
pour issues from two small orifices made in the 
side* at each end of the moveable arm, and its re- 
action on the air produces a rotary motion *. 

Mr. James Sadler, of Oxford, in 1792, prac- 
tised a similar method, but with the difference of 
making steam, issuing with great velocity from a 
pipe a, le-act upon the air inclosed in a casing c» 
Sadler also reversed the motion, by introducing 
a jet of cold water into the pipe ; the air then had 
a tendency to enter it, and to carry it round its 
axis. 

The economy of the machine is greatly improved 
by the water produced by the injection, and con- 
densation being made to perform a mechanical 
office by falling into the reservoir of a Barker's 
mill ; a hint that might, in a great many other 
combinations, be acteid upon with advantage. 

Watt in one of his specifications described 
a combination, by which the alternate action of 
the pistons of two single impulse engines, on 
the same cranked axis, would produce a motion 
sufficiently uniform to be applied with advan- 
tage as the first mover of machinery, where 
the effect of what was called the neutral stroke 
might be inconvenient or detrimental. His subse- 
quent invention of the double impulse engine left 
nothing on this head to be wished for. 

But the spread of the cotton and woollen manu- 
&cture, and the practice which was now becom- 
ing prevalent, of driving corn-mills by steam, 
created a great demand for engines, in which this 
power was the motive agent. Strong prejudices, 

* Baadhuch ier Meehanik, MUaihvrg, IT^i. 
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however^ at the aarae time^ continued to operate 
to exclude Watt's perfect meohaniam from being* 
employed in cases where its use was calculated to 
afford the most signal advantage. This neces* 
sarily turned attention to produce the same con» 
tinuity of impulse, by introducing the double im* 
pulse into Newcomen's apparatus. The most me« 
ritorious of the schemes, to accomplish this mat- 
ter, which had any pretensions to originality, was 
that of Mr. Francis Thompson, of Ashover. He 
placed one cylinder, a, in an inverted position 
over another, h, and connected their two pistons, 
e, d, with the same rod e ; which itself was attached 
to the great lever /,• g, a, pipe conveying steam 
firom the boiler to the inverted and lower cylin- 
ders, having valves to shut it off, or admit it to 
each, or both, at pleasure ; A, the injection pipe, 
proceeding to both cylinders from an elevated 
cistern, with the usual cocks to regulate, or stop 
its flow ; t, air and water valves opening outwards. 

If the engine is supposed to be ready to coitimence 
a stroke, the pistons will be in the position shown 
in the figure. The steam valve of the inverted cy 
linder is open, and its injection valve is shut, but 
the steam valve of the lower cylinder is closed, 
and its injection cock open ; a vacuum is, there- 
fore, existing below the lower piston, and the 
steam lays on the upper. It will be obvious, that 
as the pressure of the steam on this piston ba« 
lances the upward pressure of the atmosphere on 
its opposite side, the piston is in equilibrio ; 
but as there is a vacuum beneath the lower pis- 
ton, the air's weight presses that downwards into 
its cylinder, drawing the upper piston along with 
it ; this makes the downward stroke. The posi« 
tion of the valves being then reversed, the steam 
is prevented from flowing into the upper cylinder; 
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A&d a Jet felling into it from the ifljectiob 
pipe, forms a vacuum above the piston, and the 
pressure of the atmosphere on its opposite side 
forces it upwards, while steam being* admitted to 
flow into the lower cylinder, allows the piston 
placed in it to rise in equilibrio ; this fomu the 
upward stroke; and when the valves are again re- 
versed, the downward stroke commences as before. 
Some machines of a large size were erected on 
this model, to move the machinery of woollen and 
cotton manufactories at Nottingham and Man- 
chester, which, as fiGtr as uniformity of motion 
went, answered the expectations of their owners; 
but their consumption of fuel was excessive. The 
same variety of engine was also constructed with 
a separate air pump and condenser, but these 
additions were plagiarisms, which deservedly 
brought those who used them into a court of 
law, where they never failed receiving the pu- 
nishment of pirates. A similar effect was pro- 
duced by placing two cylinders at opposite sides 
of a toothed'Wheel, which received an alternate 
movement from working in racks made on the 
piston rods; and the reciprocating motion was 
converted into a rotaty one by a crank and a fly 
wheel. This was nearly Watt's idea, and getting 
rid of the counterpoises is not the leastof its merits. 
Some were also erected with condensers and air- 
pump ; but the same fate followed these attempts, 
that had fallen on their predecessors in the same 
practice. 

Whatever were the reasons which induced 
Rumsey to desist from his attempts in America, 
to move a boat by a steam-engine, they were not 
suliicient to convince him that better success 
could not attend a trial of a similar mechanism on 
an English river j for, subsequently, he even suc- 
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ceeded in inducio^ a wealthy AmerlcaD merchant^ 
then lesiding in London, and some equally san* 
guine natiyea, to disburse the expenses of another 
experiment. Rumsey had spent two years, nearly, 
in preparations, and was on the eve of putting the 
last hand to his steam-boat when he died. The 
parties, however, who were associated with him 
in the enterprise got the vessel afloat, in February, 
1793, and sailed her many times on the Thames 
against wind and tide, with the speed of four 
knots an hour. The propelling machinery was 
on the itame principle as that of the boat Rum* 
sey constructed on the Potomac. — '^ The pump, 
two feet in diameter, wrought by a steam-engine, 
forced a quantity of water up through the keel ; 
the valve was then shut by the return of the 
stroke, which at the same time forced the water 
through a channel or pipe, about six inches 
square, (lying above, or parallel to, the kelson,) 
out at the stem under the rudder, which had a 
less depth than usual, to permit the exit of the 
water. The impetus of this water forced through 
the square channel against the exterior water> 
acted as an impelling power upon the vessel." 

The project of Genevois, to impel boats by an 
oar, formed after the model of those exhibited by 
nature, was revived by the Earl of Stanhope* in 

* Ghables Stakbopx, third Eabl of Stanhope, was 
Ijorn at Chevening, Kent, in August 1753. In his ninth year 
he was sent to Eton, and at this early age he began to ^ve 
proofs of his stronji^ bias to mechanical and mathematical 
pursuits. In his nineteenth year he was removed to Geneva, 
and placed under the tuition of Le Saee ; and, a few months 
afterwards, he rained a prize, offered by a foreign national 
Academy, for the best paper, written in French, on the con- 
struction of the pendulum. 

The Earl was the author of a great number of inventions 
and improvements in the arts and philosophy. Among those 
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1795, the paddles made to open and shat like the 
feet of a duck, were placed under the quarters of 
the vessel .- the engine which gave them motion 
was of great power, and acted on machinery that 

which attracted most attention were his electrical experi- 
ments; his scheme for securinji buildings from Jire ; 9, ma- 
chine for solving problems in arithmetic ; a mode of roofing 
houses i and a kiln for burning lime ; a steam-boat ; a double 
inclined plane for remedying the inconveniences attending 
canal locks. Thjs was sngrested to the Earl while he was 
engaged m forming a c»nal in Devonshire, the line of which 
he surveyed himself, and daring tliis employment he carried 
for days the theodolite on his own shonlders. Experiments 
on stereotype printing / an esteemed printing press, which 
bears his name ; a plan for preventing forgeries^ in coin and 
bank potes, &c. In patting his ideas into practice he was 
assisted by Mr. Varley, one of the most expert practical 
mechanics of the day. 

But numerous and important aa his labours were to the 
arts, they were even, in a public view, exceeded in import- 
ance by the impulse which his patronage gave to mechanical 
artists. His purest pleasure seemed to consist in bringing 
them, and their productions, before the public ; and in further- 
ance of this design he spent a large portion of his ample foi^ 
tiine, and almost the whole of his thoughts and time. 

whatever view different men might take of the soundness 
or tendency of the political opinions of Earl Stanhope, 
all were convinced that they sprang from the honest con- 
viction of his mind, uninfluenced by the most remotely in- 
jj* • ™®^^®» *or he uniformly declined place, pension, or 
additional honours. If his projects, both political and me- 
chanical, were occasionally considered to be impracticable, 
^ey were neither sordid nor selfish. His speeches in the 
«ouse of Lords, and in public, on whatever topic, were 
tnii ot mgenions and recondite matter—- acute in argument— 
perspicuous in arrangement and language, and not dedcient 
in force and spirit. But it was often as difficult to answer 
tnera, as it was to coincide with them ; for he seldom adapted 
Jiis opinions to the state of public affairs, but reasoned from 
•ome abstract standard of moral or political right, that was 
seldom in accordance, either with the principles of party, or 
with state expediency. He was sometimes eloquent ; but as 
»^"»f«tions not only wanted elegance, but were often re- 
markable for their lacy eccentricity, and as there was a cer- 
«uii quaintness in his manner, the effect was often quite ir- 
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produced a horizontal stroke ; but, notwUbstandiBg 
tbe dimination of surface which was produced by 
the conformation of the oara^ the re-action of their 
being drawn backwards was so great, that the flat- 
resistible, even to producing langbter from the raarded and 
studied gravity of the incumbent on the woolsaek. His 
Lordship's activitjr and perseverance were amazing ; for not- 
withstanding the mnltiplicity of his projects and experi- 
ments, he assuredly was protoandly learned in every thing 
that regarded the constitution and ecclesiastical polity of 
his country ; and when on these subiects he might be par- 
doned the exclamation — ** That he had taught the judges 
law, and the bishops religion.'* When questions arose which 
required a practical knowledge of the exact sciences, or 
their application to the arts, if he were not the only man* 
he was at least the ablest one, in the House, to expound, 
discuss, and decide them : on such occasions he actea with 
great judgment. 

Earl btanhope married Hester Pitt, a daughter of the 
great Earl of Chatham, whose political principles he vene- 
rated with a feelini^ little removed from idolatry ; and in 
the early part of his public career he acted cordially with 
his brother-in-law, Mr. Pitt But the circumstances which 
induced that consummate statesman to alter his opinions, 
had not the same effect on the Eari, and their political 
connexion was dissolved. On this separation taking place, 
a domestic schism was produced at Chevening, by the Earl 
wishing his children to devote themselves to acquire some 
useful calling at he had done^ by which, when the fatal day 
of public ca&mity came, and of which he imagined that he 
foresaw the rapid approach, they might secure independence 
by their own personal ingenuity and labour. — **^ Charles 
stanhope,*' his Lordship said, ** as a carpenter, a black- 
smith, or a millwright, could in any country, or in anv 
tiroes, preserve his independence, and bring up his family m 
honest and industrioas courses, without soliciting either the 
bounty of friends, or the charity of strangers." — But his 
family preferring the patronage of their uncle, the minister, 
to the protection of the paternal roof, the Eari declared 
that, as they chose to be saddled on the public purse, they 
must take the consequences. They were not, therefore, 
mentioned in his will, but they were entitled to certain sums 
by a marriage settlement, and the present Earl succeeded 
to the family estates, worth about twelve thousand pounds 
a year. 

Earl 
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bottomed vessel with which the experiment was 
made, in Greenland dock, did not move with a ve- 
locity exceeding three miles per hour. It has 
been mentioned that paddle-wheels were suggest- 
ed to bis lordships during these trials, as more 
likely than the duck-foot oars to produce the 
required speed; but the hint, though meant to be 
a broad one, was thrown away upon the noble 
projector *. 

In the succeeding year, 1797, Chancellor Li- 
vingston also made some experiments to build 
a steam-boat on the Hudson, with the assistance 
of a person of the name of Nisbet,who went from 
England to America t. And Mr. Brunei, who has 

Earl Stanhope was singular in his dress and person, and 
his plain, unaffected, amiable manners, were also considered 
to he singular for a man of his high raijfk and connexions ; 
but they conciliated affection in many cases approaching to de- 
votion, and his general integrity commanded cordial respect. 
He was a considerate and kind landlord, an ardent friend, 
and his purse and influence were ever open to the claims of 
the helpless and the poor. He died in December, 1815. 

* Mr. Robert Fulton, an American, then living at Torbay, 
in Devonshire, had some corresjK)ndence with Lord Stanhope, 
on the subject of moving ships by a steam-engine. The 
drawings he made of his apparaiiis, are dated in y]^ I and 
his proposal to submit them to Lord Stanhope for his inspec- 
tion, appears from his Lordship's reply, to have been made 
previous to October 1794. At the time, and for many years 
after, Fulton had gone no further than drawing bis ma- 
chinery. — Colden*$ Memoir of Fulton. 

f when the Chancellor, in 1797, applied to the legislature 
of the State of New York, for a privilege to navigate boats 
by a steam-engine, the project was considered so visionary, 
that when the matter was under consideration, the gentleman 
who introduced it says, ^ the wags and the lawyers were 
generally opposed to it, and I had to encounter all the jokes, 
and the whole of their logic. One main ground of objection 
was, that it was an idle and whimsical proje<!t, unworthy 
of legislative attention. It was a standing subject of ridi- 
cule, and whenever there was a disposition in any of the 
younger members to indulge a little levity, they would call 
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since so greatly disting^utshed himself as aft engi- 
neer, was associated with the projectors on this 
occasion. The engine was found incapable of 
driving the boat through the water*. 

The steam-wheel of Dr. Cartwright is similar 
to that of Watt. He attached three pistons to the 
revolving axle ; two pipes of communication 
with the condenser, and two with the boiler, were 
placed in pairs at opposite sides of the circum* 
ference of the cylinder, and instead of one abnt- 
ment-valve, as in Watt's scheme, he introduces 
two. The mode of action of both is the same. 

In arranging the parts of the condensing engine, 
Cartwright dispens^ with the beam or working 
lever, and gave what he considered to be a more 
convenient form to the condenser than Watt 
had done. Producing condensation, by bring- 
ing the steam into contact with a cold metallic 
surface f instead of a jet of cold water, Cartwright 
intended that the water formed from the con- 
densed steam, should be returned incessantly into 
the boiler, and that in many cases a great saving 
could be made by using alcohol instead of water, 
as that could be condeased and rarefied alternately, 
without admixture with the condensing medium. 
On this account his engine was adapted to be 
introduced into distilleries, with great economy of 
fuel, as the alcoholic vapour, in the process of 

up the steam-boat bilU that they mt'rht divert themselves at 
the expense of the project and its acnrocates. 

** Notwithstanding these sallies, the bill was passed, con* 
taining the condition that the Chancellor shomd within a 
twelremonth, produce a vessel, the mean rate of whose pro- 
gress should notlbe less than four miles an hour. The experi- 
mental boa^ of thirty tons burden, propelled by a steam- 
engine, being, on trial, found incompetent to fulfil the condi- 
tion of the grant, it became obsolete, and Livingston gave 
up his prqect.** — Golden. 

* Quarterli/ RevieWt vol zix, p. 354. 
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rectification^ might be introduced under the pis. 
ton^ and after raising it byj its elastic ity, be con* 
densed, and from the lower temperature required 
for converting the spirit into vapour, having a ten- 
sion equal to balancing the -weight of the atmos- 
phere, there should be^ on this account alone, a 
smaller consumption of fuel under the boiler. 
The piston x, (in the engraving marked Cart- 
TntioHT,) moving in a cylinder a, has its rod pro- 
longed downwards^ terminated by another piston 
c working in a small cylinder b, and which forms a 
continuation of the larger cylinder a. The piston 
X has a valve (shown on a larger scale m the 
figure) by which a communication is always 
opened between the cylinder^ either above or 
below the steam piston, with the condenser 6 / i, 
is the steam valve; A, steam pipe from the boiler; 
I, a horizontal bar or lever, connecting the piston 
rod with the wheels o p, which give motion to 
the pinion ft, placed on the axis of the fly-wheel s; 
g, an air valve, which is opened and shut by the 
iall or rise of a ball which floats on the surface of 
the water; during the descent of the piston x, 
by the steam issuing through t, the air and water 
which had fallen from the condenser below 
the piston c, was pressed up the pipe e, into the 
box g ; when the piston x has nearly reached the 
bottom, the tail of the valve x, coming into con- 
tact with the the bottom of the cylinder, the valve 
is lifted up at the same time that the steam valve t, 
is closed by the fall of the lever L A communica- 
tion is thus established between the space above 
the piston and the condenser ; and the piston e, 
being at the bottom of the cylinder 6, all the air 
and water which it contained has been pressed up 
the pipe «, these being prevented from returning 
into the condenser by a valve (not shown in the 
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fengraviog) which opeds upwards, where the con- 
denser pipe joins to it. The yacuum being thus 
both above and below the piston, the force which 
has been accumulating in the fly-wheel 8 during 
the descent of the piston, has accumulated a suf- 
ficient energy to draw the piston x to the top of 
the cylinder, and the rise of the lower piston 
forming a partial vacuum beneath it also, the 
water and air from the condenser rise through the 
pipe which connects it with the lower cylinder ; 
the valve jt? being then pressed down and i opened; 
the steam urges the piston downwards a second 
time. 

Some Small single engines on this construction, 
erected near London, did not fulfil the expectations 
of their accomplished inventor*; the condensa- 

* fiDMUtn> CAfttWRiobt, D.D., was bom in 1743, in Not- 
tinghattisbiiv, at Marnham, an estate which had lone been 
in poasesBion of his familj. He was the youngest of three 
brothers, all of whom were remarkable men. His second 
brother. Captain JVilliam Cartwright^ a man of great enter- 
prise and energy of character, after a residence of sixteen 
years on (lie Coast of Labrador, retained to England in 1793, 
and published his journal, which ^ye the first authentic 
account of the Esquimaux nations. His elder brother, Major 
Sohn CaHwfight, was for forty years distinguished as an 
enthusiastic and perseyering adyocate for what is called 
Parliamentary Rerorm ; and notwithstanding the many tur- 
bulent scenes in which he appeared in public, in domestic 
life he was exemplary as an amiable* asectionate, and be- 
nevolent man ; as a political leader he was truly consistent. 
And even his enemies hftve borne teitim(my to his being per- 
fectlf disinterested. 

JEdmundt the younger brother, being destined for the 
church, was placed under Mr. Clarke, of Wakefield, and the 
celebrated Dr. Langhome. He afterwards studied at Ox< 
ford, where he was early distinguished for his literary at- 
tainments, and was elected a Fellow of Magdalen Colleffet 
On entering the church, he retired to a small liying in ue 
gift of his family, where he discovered the application of 
yeast m a remedy ia putrid fevers* and became known as a 
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tion by contact was not sufficiently rapidj and the 
action of the valves was found not to be so pre« 
cise as was desirable. 
A double engine on the same plan turned a mill 

poet His logendar^jT tale of ** Armine and Elvira** was 
greatly admired for its pathos and elegant simplicifr^. His 
** Prince of Peace,** in a loftier style of composition, also 
excited much attention at its appearance, ne married in 
177s, and afterwards went to reside at Doncaster, but liU 
assiduouslv continued his literary labours. Between 177i 
and 1784* ne was one of the i)rincipial contributors to the 
** Monthly Review.** The origin of his invention of weavit^ 
by machinery, instead of manual labour, has been minutely 
detailed by himself, in a letter written to Mr. Dugald Ban- 
natyne, of Glasgow. 

«' Happening to be at MatlocV in the summer of 1784, I 
fell in company with some gentlemen of Manchester, when 
the conversation turned on Arkwright*s spinning machinery. 
One of the company observed, that as soon as Arkwright's 
patent expired, so many mills would be erected, and so much 
cotton spun, that hands never could be found to weave it« 
To this observation I replied, that Arkwright must then set 
his wits to work to invent a weaving machine. This brought 
on a conversation on the subject, in which the Af anchester 
gentlemen unanimously agreed, that the thing was impraci 
ticable, and in defence of their opinion, they adduced argu* 
ments which I certainly was incompetent to answer, or even 
to comprehend, being totally ignorant of the subject, having 
never, at that time, seen a person weave. I controverteo, 
however, the impracticability of the thing, by remarking 
that there had lately been exhibited in London an automa- 
ton figure which played at chess ; * now you will not assert, 
gentlemen,* said I, * that it is more difficult to construct 1^ 
machine that shall weave, than one which shall make all the 
variety of moves which are required in that complicated 
gamer 

** Some little time afterwards, a particular cireomstanee 
recalling this circumstance to my mind, it struck me that, as 
io plain weaving, according to the conception I then had of the 
business, there could be omy three movemeats, which were 
to follow each other in succession, there would be little dif* 
ficuUy in producing and repeating them. F1UI of these ideas. 
I immediately empbyed a carpenter and smith to oarry 
them into effect. As soon as the machine was finished I got 
a w«s?9r to put in t^e w«rpi wbich was of moh naterials as 
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at Wisbeach, but was taken down, and afterwards 
erected at Wobum, where it was in a few years al- 
lowed to fall into decay. The defective condensa- 
tion was much more apparent in this than in the 

tail elofh is usually made of. To my great delif ht, a pieee 
of cloth, such as it was, was the produce : as I had nerer 
before turned my thoughts to anything mechanical, either 
in theory or practice, nor had ever seen a loom at work, or 
knew any thing of its construction, it will readily be sup- 
posed that my first loom must have been a most rude pieee 
of machinery. The warp was placed perpendicularly, the 
reed fell witn a force of at least half a hundred weight, and 
the springs which threw the shuttle were strong enough to 
have thrown a Congreve rocket ; in short it required the 
power of two powerfiu men to work the machine at a slow 
rate only for a short time. Conceiving, in my great simpli^ 
city, that I had accomplished aU that was required, I then 
secured what I thought a most valuable property, by a patent 
in April, 1785. This being done, I then condescended to see 
how other people wove, and you will guess my astonishment 
when I compared their easy modes of operation with mine. 
Availing myself, however, of what £ then saw, I made a 
loom, in its general principles, nearly as they are now made, 
but it was not until the year 1787 that I completed my in- 
Tention, when I took out my last weaving patent in August 
in that year.*' 

This also included the art of weaving checks, which the 
most skilful mechanics, even after they had seen his first ma- 
chines in operation, deemed to be impossible by any except 
manual means. 

The weaving factory, which was erected at Doncaster by 
some of Cartwriffht's friends, with his license, was unsuc* 
cessful; and anoflier establishment, containing five hundred 
looms, built at Manchester, was destroyed by an exaspe- 
rated mob, in 1790. The invention, however, has surmounted 
all opposition, and at the time of the Doctor's death it was 
stated, that steam-looms had increased so rapidly, that they 
were liien performing the labour of two hundred thousaod 
men 1 1 

Cartwright's next invention was a method to comb tooot 
with machinetyt which excited, if possible, a still greater 
ferment among the working dasses than even the power 
looms. The whole body of wooloombers petitioned Parlia- 
ment to suppress the obnoxious machines, but without ef* 
fact; sod tss eombing enginss begaa to be used by some sua- 
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machines acting by a single impalse. It should not, 
however, be forgotten, that these engines were first 
experiments, and that Watt had spent thirty years 
of his life in perfecting that machine with which 

nvfactarers, who at the same time attempted to evade Cart* 
Wright's claim as their inventor. After a trial, which occupied 
tiie Court for twenty-six hours, he estabUshed his right, and 
gained a verdict for damages for one thousand pounds against 
thepirates. 

Notwithstanding the benefit these inventions were to the 
cotton e^d woollen manufactures, their author had reaped 
BO emolument from them, but, on the contrarf, had drawn 
on his family and himself a heavy loss ; for although his 
claim latterly was unquestioned, and Parliament, to en- 
courage his meritorious exertions, had liberally extended 
Ihe term of his patent right, he had all along to contend 
with the opposition of the working classes, and the fears 
oS the mamuaeturers in general, who were not only deterred 
by the threats of the incendiaries, but the actual destrnction 
by fire of the establishment at Manchester, soon after a 
few of the machines had been put into action. Besides, his 
clerical character prevented him from introducing his en- 
gines, or disposing of their produce as a manufacturer. In 
consideration of these circumHtances, and on the petition of 
a number of commercial men at Manchester, and other 
places. Parliament, in IdlO, made the Doctor a grant of ten 
thousand pounds as a reward for the ingenuity of his inven- 
tions, which had already become of nationu importance. 
This sum, although munificent as a present, was barely ade- 
quate even to repav the sums the Doctor had expended in 
experiments. His family has reaped no peeuniary benefit 
from his ingenious and successful labours, persevered in 
daring a long and active life; yet the results of these exer- 
tions are now ranked among the valuable elements of our 
national manufacturing superiority ; and are acknowledged 
to have realized laxge fortunes to many individuals since 
they became public property. 

Doctor Cartwright was tne author of numerous other in- 
yentions in the arts and agriculture, for several of which he 
received premiums from the Board of Agriculture and the 
Society of Arts. Among other things, he contrived a car- 
rii^e, with whioh he often astonishea the natives of London, 
hy working and steering it throujg^h the streets without 
horses ; and he expressed himself with great confidence, that 
this child of his da age would, ere long, bo adopted into g«* 

3 O 
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th«y were pat into competition. Tlie eenen^l 
anangement of tbe parts is excellent^ the details 
are ingeniousj and altogether the machiQe was 
worthy of much greater perseverance being givei^ 
to its improvement, than appears to have been 
bestowed by its excellent author. 

The contrivance, however, for which Cart- 
wright is better remembered* as an improver 
of steam mechanism, is a very unobtrusive^ 
yet most important, alteration in the construc- 
tion of the piston* In .the ' modes hitherto, 
and even at this time practised, a layer of 
hemp, or of some other elastic substance, well 
soaked in oil or tallow, was wrapped round the 
external edge of the piston, and by different 
means was pressed outwards so as to be steam- 
tight, and yet allow the piston to be moved easily 
upwards and downwards. 

As will be readily understood, this packing was 
far from being durable, and of course the piston 
could not long continuet o be effective. Besidesji 
all the steam which escaped past the sides of the 
piston produced no effect and wae a waste of fuel. 
The mode of packing to make the piston steam- 
tight, also became another prolific source of loaa 
of power ; for it was so tightly rammed as in 

neral aie ; and that, in s few yearc, Bimilar oarnagei wonld- 
travel turnpike loads without hones. 

Tpl within a few dajFS of his deaf^ he retained all the f»i 
oulties of his mind perfeetlj unimpaired* and was occupied 
almost to his last moments on the details of a novel and 
extraordinary invention, of a new power, for moving ma* 
chines. Gunpowder is said to have bean the initial agmt in 
his discovery. 

He died in the winter of 1^18. He had been twice mar- 
ried, and left a son and three daughters by his first wife* 
Alice, a daughter of ■ - Whitaker, Esq., of Doncasteri, 

His second wife was a daughter of Dt, KMiaey, a dietary 
of tbe Irish fihurcb. 



many cases to absorb a very great proportion of 
the power of the engine to move the piston—* 
this was an expensive as well as vexatious defect 
for the time required to open the cylinder, and re- 
adjust the packing, was a serious hinderance to 
the general business of the manufactory^ as well 
as a loss to its proprietor. 

The device Cartwright proposed to obviate all 
these objections was an excellent one. Instead 
of hemp, he used segments of brass plate-rings 
laid above each other, so as to break the conti- 
nuity of the vertical joints; and these segments 
were kept in their position by means of small 
springs, placed at the joining of each two pieces. 
The first figure in the engraving marked pistons, is 
given fVom Cartwright's own illustration. It has 
since his tim.e received some modifications, which 
form the other figures on the same engraving. 

Sadler's skill in mechanical combination is 
seen to much greater advantage in his reciprocat- 
ing engine, than in his steam-wheel. It haci the 
great honour, also, of being the first engine intro- 
duced into a national naval establishment — a cir- 
cumstance not a little extraordinary, for, although, 
compared with some other attempts, its claims are 
considerable, even in its most perfect form, it is 
greatly inferior to the condensing engine. Yet, 
notwithstanding the merit of the Soho engine, it 
was rejected in the competition ; but some years 
afterwards, when Sadler's apparatus (of about ten 
horse power) was taken down, in consequence of 
a more powerful apparatus being found necessary, 
one on Watt's model was substituted. In the 
figure, the parts of Sadler's machine are shown, in 
the position they would assume at the commence* 
Ment of a stroke ; the steam valve «, is open^ and 
ft jet rises in the condenser, which is open at top 
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to the atmosphere — this jet condensiDg the vapour 
fonns a vacuum under the steam piston, which is 
messed downwards by the elasticity of the vapour, 
w hen the piston arrives near to tlie bottom of the 
cylinder, the steam and injection valves are closed, 
and the equilibrium valve, x, in the piston is 
opened, and this forms an equilibrium between 
the top and bottom of the piston h, and the mo- 
mentum of the fly then raises the pistons to their 
first position, and at this instant the steam and 
injection valves «, h, are opened, and the piston 
valve X shut, and the same action again com- 
mences. 

But when the fall of the piston 6, had opened 
the equilibrium valve, x, the elasticity of the 
steam which issued through it, lifted up the con- 
denser valve, and expelled the greater portion of 
the air and injection water, which the condenser 
contained, through the drain pipe m, and the 
valve/, in the air-pump piston. The diameter of 
ihe condenser was equal to that of the working 
cylinder, but its stroke was only half of the length 
of that of the steam- piston. The air-pump being 
open to the atmosphere, the g^reat weight on it, 
which is required to be raised by the momen- 
tum of the fly-wheel, would appear to be a loss 
of power, without the least advantage ; but this 
is returned to the machine in the effective stroke. 
The reciprocating motion is converted into a ro- 
tary one, by the mechanism shown in the sketch ; 
the great lever was dispensed with. 

In engines on every form, it was of great conse« 
quence to preserve a uniformity in the rate of the 
production of steam in the boiler ^ for the ele- 
gant contrivance which was so happily adapted 
by Watt, for regulating the quantity of steam flow- 
IP^ ^intp the cylinder, was partially ineffective, a* 
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long as the'eksticity of the vapour itself varied 
every instant. Only two ways were known of ob- 
viating this defect — one was to regulate the sup- 
ply of fuel, and the other to regulate the admis- 
sion of the air which assisted in its coml^us- 
tion ; but both the one and the other had to be 
done by the hand ^f the fireman^ and on his atten- 
tion and regularity depended the uniformity of 
motion in the engine ; and it could not be a mat- 
ter of surprise, that even with the most careful 
management, the steam accumulated sometimes to 
a dangerous elasticity in the boiler. Mr. Matthew 
Murray, whose manufactory at Leeds was rapidly 
extending to become a competitor with Soho, 
in its hitherto exclusive manufacture^ placed a 
cylinder and piston on the boiler, whose toothed- 
rod worked into a wheel, the axis of which was 
prolonged, and formed the axis of a valve which 
-was placed within the flue of the boiler chim- 
ney; when the accumulation of steam in the 
boiler increased its elasticity, it lifted up 
the piston in the pipe« and this acted to turn the 
spindle on which the valve was fixed ; this dimi« 
nished the smoke-way, and continued to do so 
until the combustion of the fuel was so much 
lessened, and the steam in the boiler reduced to 
the ordinary quantity ; when the elasticity was 
lessened, the piston had a tendency to descend; 
which was increased by a weight which had been 
wound up by the ascent, and Ine valve or self- re- 
gulating damper was returned into its first position. 
Murray also made some engines with the piston 
working in a horizonicCl position ; and at the same 
time described a combination for converting the 
reciprocating motion of the beam into a continu- 
ous one. But Watt's contrivance becoming soon 
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after tbe property of the public, iti use soperaeded 
this and many other rotary movemenCs. 

Murdoch's steam-wheel, or rather wheels, b 
shown in one of the figures of the plate marked 
ROTARY MOTIONS I the vapoor enters at a, and a 
vacuum is maintained by means of a condenser 
b; a. rotary motion is produced by means of the 
leaves of the wheels working into each other. 
Murdoch's elegant contrivance for connecting the 
upper and lower valves by the same spindle, 
and forming that hollow to serve as an eduction 
pipe to either end of the cylinder^ freed the 
engine from a pair of valves. And his invention 
for opening and shutting these valves, by a circu- 
lar motion produced from the revolution of the 
axis of the crank or fly-wheel, is one of those 
which is now found in the greater number of the 
best constructed machines, in place of the clumsy 
plug ffame. 

Bishop's engine was something like an overshot 
water wheel ; the lower buckets in their revolu- 
tion, were filled on one side with steam, and the 
upper buckets on the other side were filled with 
water; the wheel also moved in water, and the dif- 
ference in the gravity of these two portions of the 
circumference gave a circular motion* 

During the continuance of Watt's monopoly, 
many schemes had been tried to adapt the con- 
denser to the atmospheric engine. Yet, no hint 
had been thrown out, that this addition would 
save heat and economise power, if applied to Sa- 
very's engine, until Mr. John Nuncarrow, a native 
of Devonshire, who had settled at Philadelphia, 
gave a description of an apparatus for this pur- 
pose *. 

• TrQM9, American PhUosophkai Societift vol, i. p.S09. 
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Ib the figure maiked Nunc akrow, the iteuii is 

issuiDg from the boiler a, through the pipe 6^ and 
valve c, into the. receiver d, and is forcing the 
water which it contains through the valve m, into 
the reservoir p, whence it falls on float-boards on 
the wheel s, and makes it revolve. When all the 
water above the level of the valve m, has been 
laised into the reservoir, the steam valve e is 
closed, and the condenser valve e is opened, at the 
same time that a jet of water rises into the con- 
denser pipe X, a vacuum is made in d, the pres- 
sure of the atmosphere then raises water through 
the valves i i, which open upwards only, and the 
valve m is shut by the pressure of the water above 
it; the receiver d is thus again filled with water ; 
the valve o is then 8hut,and c opened, and the water 
is pressed through the valve m as before; the pres- 
sure of the water which opens it, shuts the two 
lower valves i t, as in the engraving. 

Whatever opinion may be formed concerning 
the practical merit of Homblower'a steam-wheel, 
it must always be considered as a machine, origi- 
nal in its conception, displaying in its develop* 
ment great skill in mechanical combination, and 
as a whole, placing its author far above the rank 
he has been class^ in from his previous laboun 
on the reciprocating engine. 

It had not escaped Homblower's observation, 
that the passage of a piston over, a slider or 
valve, or any opening or groove, was a circum- 
stance alone sufficient to be fatal to the durability 
of every mechanism in which it was practised. 
Hempen packing was destroyed by being torn 
out of its place, and the edges or surface of the 
grooves or sliders, if metallic packing were used, 
would be acted on, by the passage of the piston 
over them, so a« to destroy that sharpness of finish. 
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which it U ^saenttal to preserve in all th^ inibhed 
or rubbing parts, in order to their being steam 
tight, or to their smooth and, of course, durable 
action. In Bramah's designs this defect was very 
apparent, and in the schemes of his predecessors, 
it IS ereatly magnified, with the exception of 
Sadler's, which in effect was a mere toy. 

Hornblower's mechanism was well calculated to 
avoid these objections, for the inside of his cylin- 
der was preserved free from all grooves or petfo- 
rations, either for the admission of steam, or for 
the beds of valves or sliders, by operating With 
two moveable diaphragm^ or pistons, each of 
which alternately acted as the steam piston, and 
as the abutment valve. The same letter, in all 
the figures of the engraving marked HoRMBLOWEti, 
B, refers to th6 ^same part ; a. is one of the dia- 
phragms or pistons; 6, the other ; d, e, are their 
axles, which are formed hollow; the axle a, com- 
municates by the opening /, with the box g, 
which is open to a condenser by the pipe h ; and 
the axle 6, communicates by the opening i, with 
the box k, which is open to the boiler by the pipe 
// the motion of both pistons is independent of 
each other, each moving round the solid axle m, 
in the same manner as a door-hinge ; this solid 
axle transmits the motion of the piston d,io the 
machinery, by a contrivance not shown in the 
engraving. To each axle jointed levers, shown 
in (iffure $, are attached, and these are arranged 
so, that when the diaphragms move forward, they 
slide without offering any resistance, in a circular 
groove; but upon the least tendency in the pis- 
tons to a retrograde movement, the levers o, o, act 
to press the part ji>, p, forcibly against the circum- 
ference of the groove, and to retain the piston 
firmly in that position. This system of levers will 



iberefoie> be «lidi]ig. in their peculiar g^ioov^^ 
while the lower series attached to the other pis- 
ton, aie pressing the levers p, p, forcibly against 
the circumference of the groove in which 
they slide, preventing the diaphragm to which 
they are attached from moving. If steam, flows 
into the piston chamber, through the valve r, into 
the space between the pistons a and b, the piston 
b will move towards g, and the series of levers at- 
tached to it will slide in their grooves ; but as the 
elasticity of the steam presses the other piston b, 
in an opposite direction, this tendency to retro- 
grade acts to make the levers attached to it, press 
against the circumference of their groove, and to 
keep it firmly fixed in ^its position. When tlie 
moving piston has approached very near to the 
fixed one, the tail of the closed steam valve 
coming into contact with a projection on the 
other piston, that valve is opened, and at the same 
time, the valve at the other side of the piston is 
shut. The steam now acts on the opposite side 
of the piston, which gives it a tendency to retro- 
^nde, and this brings the jointed levers or clamps 
into operation, to fix it in its position ; it is now 
the abutment valve; but at the instant when the 
steam valves were reversed, the valves in the 
other piston were reversed also, that which had 
opened the entrance to the condenser from the 
cylinder, was shut, and the coriespoiiding valve 
on the other side the piston, was opened ; this 
piston is, therefore, now the moving one; for 
being impelled in the assigned direction, its levers 
are arranged to slide in their groove, while those 
attached to the other piston, as has been de- 
scribed, act to fix it in its position. When, in its 
xevolution» the piston 6, approachei very near to 
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thii died diaphtajrm, tbe tkItbi in both p^ttOM 
ate again reversed, and so on alternatelj. 

The imall vheel u, acti in tbe ursw to •bift 
the iiDg u, upward! or down'wardsj on (he ai]«, 
and lo regulate the ■ize of the orifice, throagb 
ifhicll iteatn flows from the t)«iler. 
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** ALL XKH NATVRALLT THIlTK THEMSELVES zaVALLT 
WISE ; AVD, TREBXTOftE, AS AKT SHIP THAT SAILS YASTXk 
THAN AKOTBES, TS SAID, IW SEA ^HBASE, TO WB0H4 XT, SO 
MXK ARK APT TO THINK THEMSELVES WBONaSD BT THOSE 
WHO, WITH BETTER TALENTS THAN THEV, OB OBXATEB 
SKILL IN THSIB USX, OET BXVONO TEKU,**—HartHh, 



If Watt Ihroushout has been remailuble Tor hU 
good foilDTie, his merits aeem equal to the highest 
^access. But (hat verj prosperity which should 
have been a sonrce of pride anit utisfaclioa to all 
ingenious men, seemed ouly calculated to eicile 
their mercenary hoatility. Many of the •chemes 
which have been put forth as improvements, 
»piro to no higher character than atLempta to 
make use of Watt's ideas, but to evade hiaajaimi; 
and if, during the last ten years, in bia engine* 
improvement appeared to have been nearly sta- 
tionary, and the invention of Iheit author to be 
apparently in a state of repoie, while that of his 
enemies vas in inceuant activity, yet he must 
be considered as having been reclining on any 
Ibin^ but a bed of roses. In fact, he had long 
keen harassed by a series of insidious and per* 
•evering attacks, both on his tepuiatlon as an in- 
ventor, and on his r^hla as a patentee j and in 
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repelling these, years of his time had been thrown 
away. 

The condenser was the part coveted, and its 
shape, action, position, had all been altered, or 
disguised in the progress of evasion. 

One course alone was open to Watt and Bolton, 
and that course they pursued silently bnt vigorous- 
ly. And probably there is no other instance of 
a patent being the subject of so many appeals to 
the law, coming out unimpaired of the struggle. 

When it was contested on the plea of being 
wanting in originality and merit — men of the high' 
est personal and professional character, united in 
the most unqualiBed commendation of the singular 
value of the condensing engine, which they de- 
scribed to be as original in its conception, as it was 
transcendantinthe ingenuity of the means by which 
the idea was carried into effect ; and the witnesses, 
jury, and judges, felt and acknowledged its im- 
portance, as an element of national prosperity. 
When overwhelmed by the concurrent testimony 
of a host of eminent men. Watt's opponents were 
driven off the ground they themselves had chosen, 
a fresh attack was organised and commenced 
on the patent, on the plea of the written descrip- 
tion which Watt had given in 1769, shortly 
after he had made the discovery of the condenser 
being imperfect. This, as has been already stated, 
was drawn op, after the erection of a rude model, 
at Kinneil, which was all that his means or his pa- 
tron enabled him to construct — and with no more 
experience than he had acquired from this coarse 
experiment. 

But twenty years afterwards, or rather after ^ 
series of experiments in which he had been en- 
gaged for twenty years, to develope hid idofts^ the 
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the perfect machine—- was raised up in judgment 
•gainst him> to prove that between the years 1 790 
and 1800, the engines which were sent from Soho« 
were more perfect than could be fabricated from 
the description he gave of the one he erected in 
1769 ! ! Generous rivals ! nay, several of his ad- 
versaries confessed, that the machine was yet the 
subject of expensive and elaborate experiments; 
for they had, it seems, seen recent engines with 
very varied proportion8,->-and tJt§y went so fan 
as to acknowledge that some of the parts which 
Watt had introduced, did not appear to them to 
be essential to the precise, or effective action 
of the mechanism { yet these parts were pointed 
out as having no existence in the document of 
1769 — and, because they had not, Watt, in their 
opinion, was not entitled to the reward of his 
admirable invention. Consistent reasoners ! But 
when men of genius come into hostile collision, 
we seek to 6nda spark of that spirit, which raises 
them above the vulgar herd, tempering, and in- 
fusing a generous feeling into their rivalry — and 
it is on this account, that among all those who 
gave vent to their splenetic disappointment, in 
their opposition to Watt, the name most con- 
spicuous, and one most to be regretted as being 
found there, is that of the excellent Bramah ; and 
yet from his known regard to truth, and his per-» 
sonal integrity, his opposition, notwithstanding 
its asperity, must be considered far rempved from 
the imputation of being tainted by corrupt, or 
even interested motives. 

His printed letter to the Judge, who presided at 
a trial, in which Bramah appeared as a witness, on 
the side opposed to Watt, evinces great acuteness, 
» perfect knowledge of the subject, a caustig wit^ 

3?2 
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and a stnniiness of opinioD, which made him a 
formidable opponent. But resting on the neces- 
sity of a rigid adherence to the very letter of the 
law, he lost sight of its kind and benevolent in- 
tention as well as of the broadest principles of 
justice. 

His production throughout is a series of ad* 
missions of the value of Watt's contrivances ; and 
be points out inventions that had escaped the 
notice of others, with all the fine feeling of what 
is beautiful in in art, in which he himself was a 
master; and while displaying them, he extols their 
ingenuity. But be ceases not by inference to ask^ 
if the inventor has described these in a proper man- 
ner ; and he comes always to the conclusion, that 
because he has not, therefore he is not entitled to 
any reward for his superlative invention. It did 
not once occur to this gifted individual, to refer 
to the form of the first machine, from which only, 
Watt could write a description. 

Some of the judges who had paused at points 
raised by the sophistry of counsel in a former 
trial, were unanimous on this. *' Every new in- 
vention," says the Chief Justice, " is of import- 
ance to the wealth and convenience of the public, 
and when they are enjoying the fruits of a useful 
discovery, it would be hard on the inventor to 
deprive him of his reward — the Jury have found 
that the inventor has sufficiently described the 
nature of his invention, and I think he is, in point 
of law, as well as justice, entitled to the benefit 
which was intended to be conferred on him, by 
the patent and Act of Parliament." * 

* ** LawB for securinff mkktal property meet with but 
little of the respect paid to those which guarantee the eojoy- 
inent of more substantial and visible acquisitions. It is not 
difficult for the artful and ayaricious, to make it be beli«red- 



But in point of fact, no moie unanswerable ar* 
guments could be adduced in favour of Watt's 
clainu, than this identical letter, which was meant 
-to destroy them. Its author might be pointed 
to as the greatest and most gifted of his oppo- 
nents—as a man of experience, almost equal to 
Watt himself, in mechanical labours — and pos j 
•essing an imagination, of a cast as creative as 
his — ^himself the author of inventions described in 
more than twenty patents-Hiome of them equal, m 
their value to society, even with the steam-engine. 
And above all, as connected with this matter^ 
Bramah was well learned, in what may be called 
the erudition of his art— a knowledge of what 
bad been done by others. Yet even he, in oppos- 
ing Watt, stood on no higher ground, could justify 
liis volunteer opposition, on no other princi- 
ple, than the technical imperfections of a do- 
cument, drawn up by a man, at that time possess- 
ing little skill in the matter he was describing, 
and still less in the art of putting what he meant 
to say, upon paper. 

It is not, however, to be regretted, for the fame 
of Watt, that he had so acute and so powerful an 
adversary ; for the weakness of the ground that 
<;ould alone be occupied against him is a test of 
the strength of his own position. 

But it had been more gratifying to have seen 
bramah, with more kind feeling in his rivalry, for 

ilkat they are uimerited and odioiu monopolies, or to per- 
suade that the adveiBAry of exclusive rights is their friend. 
Very many think there is no injustice in attacking or evad- 
ing patents ; on the contrary, if the letter of the lavv can be 
evaded by any subterfuge, they think it would be merito- 
rjotts to do it. They eousider a pateatee's privileges as fair 
objects of plunder, and have no. hesitation to endeavour to 
rob him of them under the most frivolous pretences."— Cof' 
den, p, 14i. 
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•it does not require the gift of prophecy to foretell^ 
that the names of Watt and Bramah, who lived 
in the same age, and adorned the same art by 
their exquisite inventions, will be classed to- 
-gether, as entitled to the grateful remembrance 
•of posterity, for the benefits their labours have 
conferred on their country. 

It is probable that the harassing nature of the 
opposition he had for years encountered, had 
-some influence in determining Watt's resolution 
.to withdraw altogether from business, on the ex- 
piration of his patent. Resigning to his son, and 
the son of his colleague, the future management of 
that establishment which his genius had matured, 
-and to -which it had given a celebrity, as wide as 
the boundaries of civilization, he retired to the 
-enjoyment of the fortune, which he had accumu- 
lated from the meritorious and well directed ex- 
ertions of a life distinguished for its activity and 
usefulness. 

The period, in our narrative, at which we have 
now arrived, had long been anticipated with great 
anxiety, by all those engaged in the manufacture 
of steam-engines, and by the still more nume- 
rous class interested in their use and extension. 
The term of twenty-Bve years, during which Par- 
liament had granted to Watt the sole benefit 
arising from the condensing engines, expired in 
1800, when the fabrication of his beautiful ma- 
chines was thrown open to the public. 

Numerous schemes in embryo, it was supposed, 
'would make their appearance when their authors 
could bring them into being, with all the advan 
tages of an unrestrained participation in Watt's 
contrivances ; not a few failures also were to be 
retrieved, when the parts which were held forth as 
being essential to their perfect action might be 
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6dded : — ^there were a crowd of mechanics^ who, 
without so much ambition as to aspire to the cha- 
racter of inventors, yet saw a great field open for 
improvement, in the opportunities for putting their 
own ideas, of the best forms and proportions, into 
practice. All announced the commencement of a 
new era, in which exertions, hitherto borne down 
by the Soho monopoly, were, at their emanc ipation, 
to expand and give the finishing touches to the 
perfection of the mechanism in those parts, al- 
lowed on all hands to be capable of great im- 
provement. 

A point on which practical men were, however, 
well agreed, was the effect of the unrestricted use 
-of Watt's engine leading to its more general in- 
troduction asa first mover, into manufactories; for 
although the ** third part of the savings of fttel,** 
which was reserved by Bolton and Watt, ought, in 
Teason and fairness, to have been considered as an 
index only of the benefit conferred by Watt's in- 
vention, it was more often felt as an oppressive and 
heavy tax, particularly by those whose knowledge 
of steam-engines was acquired from their expe- 
rience with Watt's alone, and who only knew of 
Newcomen's machine from its connexion with the 
payment they were called upon to transmit to 
Soho ; and this feeling- made many persevere in 
employing Newcomen's apparatus, or the labour 
of animals, until the invention became common 
property. In Cornwall, however, where, from the 
dearness of fuel, its advantages were seen in the 
true light, its use had become nearly general. 
But in other districts, where coals were cheaper, 
it had made but comparatively slow progress; 
and, strange ai it must appear to us, where a con- 
tinuous rotary motiox^ wa« indispensable, riew- 
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comen*« engine was atili resorted to; and ereii 
Savery'f machine was used in many places to 
pamp water to turn a water-wheel. 

In London j at the expiration of the patent, not 
in ore than a power equal to the energy of six hunr 
dred and fifty horses was exerted by Watt's en- 
gines ; in Manchester about four hundred and tifty 
horse-powers; and at Leeds about three hundred 
horse-powers, and at the same time (in 1800) not 
more than four steam-engines of any importance 
were at work in the whole continent of America. 
One of these supplied New York with water, and 
the other two belonged to the corporation of Phila- 
delphia. 

These facts will give some notion of the exr 
tent to which steam was applied as a first moving- 
power in other places; and from its limited 
amount will offer a remarkable illustration of the 
effect of an exclusive privilege in fettering pro* 
ductiouj even although the monopoly was one 
held by the fairest claim, and managed on the 
most liberal system ; and showing that a diffusion 
of interest is essential to the spread of improve- 
ment. In this particular instance, a circumstance, 
which has already been adverted to*, as being a for- 
tunate one for Watt's reputation as an inventor, his 
becoming the sole manufacturer of his machines, 
had great influence in exciting the commercial hos- 
tility against its introduction in a class which 
might have been conciliated by permitting it to 
participate in the manufacture of the engines. 
The fact is extraordinary, that in five years after 
the patent had expired, the number of Watt's 
engines in LcMidon had doubled, and in that time 
Watt and B<^ton had sold a greater number of ma-r 

•P«g«871. 
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chines than they had done in an equal time, trheH 
they possessed ibe sole right to manafactare all the 
engines used in England. 

The first invention which is recorded in the new 
era is Crowther's. He placed the fly-wheel above 
the cylinder, in the same manner as Cartwright 
did, and connected it to the steam piston rod, with- 
out the intervention of a great lever. The com- 
bination, although not altogether original, was 
clever, but yet it offered no advantage to machines 
constructed on the common model. InCartwright't 
second project, he only professed to combine the 
parts of the condensing engine, to produce a more 
portable, light, and compact machine. Hase, in- 
stead of conducting the steam which had moved 
the piston at once from the cylinder into the con- 
denser, made it pass through a number of small 
pipes, all of which communicated with the con- 
denser ; these being inclosed in a vessel surrounded 
with cold water, some of the heat was extricated 
from the vajKiur, and the water which by this 
means became heated, was pumped into the 
boiler, at a temperature higher than could be done 
by the common mode of using that which had 
been heated by the air-pump, or drawn from the 
condenser. 

Murray's ingenuity was again exhibited in his 
construction of a pump to discharge the air with- 
out the use of valves, as in the common method, 
and also to discharge the air and water separately. 

The pump is shown as attached to the con- 
denser; b, the piston ; c, a pipe connecting the top 
and bottom of the air-pump, having a valve d 
opening downwards into the cylinder; another 
valve e, on the top of the pump, opens upward ; 
/, pipe connecting the air and water pump, of 
which A is the bucl^et ; when the piston b is at 
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tile top of thecyliDder^ the air whioh lomaiM 

after condeiuation, occupies the area of the aiiv 
pump and the condenser. When the piston 6 
descends, the air which was beneath it flows 
through the pipe c, into the space above it, and 
when it ascends, the air being prevented from re- 
turning by the valve d, it is forced out through 
the valve e; the water falling into the pipe g, is 
lifted by the bucket A. 

In another part of the same engine, he intro* 
duced a capital improvement in the arrange- 
ment and construction of his valves, the axis of 
one was inserted through the spindle of the other; 
this, in appearance, was similar to Murdoch's, but 
the form adopted by Murray was excellent, and is 
BOW very generally used in steam-engines. 

Murdoch, to whom, on the retirement of Mr. 
Watt, the management of the manufacture of 
steam-engines at Soho was conSded, bad, before 
the date of Murray's patent, put in practice a simi- 
lar mode of forming the spindles of the steam 
valves like tubes, to allow the spindles of the 
other valves to slide through them, but it does 
not appear that he had made public any descrip- 
tion of his improvement; although it must be 
admitted, the transition from the spindle being 
made hollow to serve as an eduction -pipe, to a 
solid spindle, was so obvious, as to follow almost 
as a matter of course; and this coincidence be- 
tween the inventions gave rise to a lawsuit, in 
which the opinion of the court was given against 
the patentee; and the other schemes which were 
described in the same document, and which all al- 
lowed to be original and remained unquestioned, 
were at the same time thrown open to the public, 
or rather destroyed to the inventor ; in accordance 
with that most extraordinary principlo of the 



Equitable law> that a patent muii be good for 
every thing contained in it, or good for nothing. 

The three engravii^s marked Murray exhibit 
an elevationjand a vertical and horizontal sections 
of a species of engine, usually constructed by this 
engineer; and although this identical form should 
have been described a few^ years later, it is placed 
here to give an idea of Murray's style of mecha-* 
nism in connexion with a notice of his improve** 
ments upon it generally. 

Murray, and his associates, Fenton and Wood, 
at Leeds, were among the first who studied to im-> 
prove the general symmetry of appearance of the 
steam-engine, by arranging its parts with a view 
to degancci as an object of taste, as well as to its 
portability, compactness, and durability as a me- 
chanical agent; in the attempt they were emi- 
nently successful ; for on an inspection—^ 

** Of this frame, the bearings and the ties. 
The strong connections, nice dependeneifis, 
GradatiomsjoBl" .... 

it will challenge our unqualified admiration^ as a 
specimen of the most picturesque elegance in 
forms and grouping ; and this machine, capable of 
exerting a power equal to that of forty or fifty 
horses, (or that of between 200 ahd 300 men,) from 
its tasteful ornamental appearance, may vie, as a 
decoration of a drawing-room cabinet, with the 
most costly piece of embellished clockwork me* 
chanism. 

It were superfluous to describe the action of 
this fine machine, — this will be easily understood 
by a mere enumeration of its parts, and an inspec- 
tion of the figures. 

a, the cast iron frame, within which the engine 
is placed, and to which its parts are firmly united ; 
fr> the iteam^cylinder; e, steam-piiton ; d, piston 
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Tod attached to the parallel motion ; e, beam ; /> 
connecting rod ; g, crank with globe pin; t, fly 
trheel ; k, condensing cistern; /, air-pump; m, 
hot well ; n, concienser; o, eduction-pipe ; p, cold 
water pump; q, hot water pump; r, governor; 
9, steam pipe ; t, valve case. The manner of ad- 
mitting the steam above and below the piston, is 
different from any that have been described — it is 
by a sliding valve; this contrivance was introduced 
by Murdoch, into some of the small engines made 
at Soho, and called by him the D valve — it was 
also much used by Murray and Fenton, in the en- 
gines they fabricated at Leeds, and with some va- 
riation. We know not^ however, whether to 
ascribe its invention to Watt, or Murdoch, or 
Murray. It is very simple, and on a small scale; 
it can be made very effective, and is easily kept 
in order. 

From Bramah the four-way cock of Papin re- 
ceived a great improvement, by the passage for 
the steam being made at the larger end of the 
revolving cone, and passing off at the smaller 
end; bv the pressure of the vapour being upon 
one extremity of the cone, while the oppo- 
site one was relieved from it, the valve was always 
kept tight in its socket. And instead of the cock 
being turned into its position, and returned alter- 
nately, Bramah by an alteration in the tappets, 
made it act so as to revolve continually. 

In the erection of machinery, Mr. John Rober- 
ton, of Glasgow, had acquired much local celebrity; 
and his practice on the large scale, particularly at 
the formation and extension of the great esta* 
blishment on the Isle of Bute, opened to him 
some original views on hydraulic action, of which 
he availed himself with much skill in his sub* 
sequent practice. Roberton made a very inge- 
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fiioas aUeratioR on Watt's mode of produciiig the 
combustion of the smoke, and which was ap- 
plied in numeroos instances with a good effect; 
aome improvements, which he introduced in ma- 
chinery for the manufacture of cotton, have 
flince his time been revived, and the merit appro- 
priated by others. 

In the hands of even the most expert fabricators 
of steam-engines, a considerable portion of steam 
found its wa^ past the piston, into the condenser. 
To avoid this, he employed two cylinders, placed 
over each other; the under one, 6, of somewhat 
larger diameter than the upper one, a, of which it 
formed a continuation. When the valves were in 
the position shown in the engraving, the steam 
which escaped past the upper piston c, filled the 
annular space d e, and assisted to depress the 
lower piston. 

• Roberton enumerated several of the advantages 
of this mechanism, in the description of its con* 
atruction which he gave (o the public, and 
erected some machines on this peculiar plan, 
which gave satisfaction to their proprietors, be- 
sides one in his own manufactory ; but the perfec- 
tion which shortly afterwards was given to the 
mechanism of the piston and cylinder, removing 
many of the objections which his clever me- 
chanism was introduced to avoid, it is now pro- 
•bably obsolete in practice. 

The narrative which Mr. Miller gave of his 
father's attempt to construct a steam- boat, and 
from which we have made some copious ei tracts, 
agrees with an account of the same experiments 
"which was given in a sketch of navigation by 
steam, inserted in the Supplement to the Ency^ 
elapedia BrUanaiea. 
. ^ymingtoDi who. appears to have been more 
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MngQine than his fint patron, of the practicabi- 
lity of navigating vessels by steam, nearly twelve 
years after bis experiments at Dalswinton Loch^ 
fouDd an opportunity to bring his scheme under 
the ootice of a nobleman, who was zealous to en- 
courage projects which had for their object the 
improvemeut of inland navigation. Symington, 
who imagined that a boat moved by wheels could 
be introduced with great economy, as a substi* 
tute for horses, in towing boats on canals, sue* 
eeeded in inducing Lord Dundas, of Kerse, to 
assist him to make an experiment, on a great 
scale, on the Forth and Clyde Canal, with ma. 
chinery, resembling in its principle that of the 
Dalswinton model, but modified to suit the pur- 
pose which he had more immediately in con* 
temptation. 

The result of this application, and the charac- 
ter of his patron, may here be noticed with re- 
ference to Symington on another account, be» 
sides its connexion with a history of his experi* 
ment From an expression in Miller's narrative, 
that his father was discouraged from proceeding 
farther from a feeling of disgust at having been 
involved in unnecessary expenses, an inference 
might be drawn unfavourable to the memory of 
an ingenious and worthy man. 

But Miller's complaint is, in truth, ave^ com* 
mon one ; and the estimates even of the most ex- 
perienced mechanics will probably continue to 
diflfer widely from the final outlay, even although 
those artists have been experimenting on their 
own means. But patrons can hardly be blamed 
for their keen expression of disappointment at the 
cost of labours purely executive, being so little 
understood by practical men, though operators, 
•n th» other hand, will ca«t the repioftchei fn>m 
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tltemselvea as being groundless and unmerited, 
from viewing their object through a medium 
somewhat tinged with enthusiasm. Nothing, how* 
ever, can be more clear, than that Lord Dundas, 
himself a man of experience, and who had the best 
means of being correctly informed on every point 
connected with the operation at Dalswinton, was 
satisfied with Symington's conduct and judgment 
on' that occasion ; for those experiments which 
were made at his Lordship's cost, and on which 
a large sum of money was expended, were con- 
ducted solely under Symington's superintendence ; 
and he, also, subsequently, received the commen* 
dations of his noble patron for his exertions. 

*^ Mr. Miller,*' says Symington, in his narra- 
tive, '^ being very much engaged in improving 
his estate in Dumfriesshire, and I also employed 
in constructing large machinery, for the lead 
mines at Wanlockhead, the idea of carrying the 
experiments at that time any further, was entirely 
given up, till meeting with the late Thomas Lord 
Dundas of Kerse, who wished that 1 would con* 
struct a steam-boat for dragging vessels on the 
Forth and Clyde Canal, instead of horses. Agree* 
ably to his Lordship's request, a series of experi* 
ments, which cost near^p three thousand pounds, 
were set on foot in 1801, and ending in 1 80:^, upon 
a larger scale (than those on Dalswinton Loch) 
and more improved plan, having a steam cylinder 
twenty-two inches diameter, and four feet stroke, 
which proved itself very much adapted for the in* 
tended purposes. Having previously made vari« 
ous experiments in March 1808, on the Forth and 
Clyde Canal, Lord Dundas and several other gen- 
tlemen being on board, the steam- packet took in 
tow two loaded vessels, each of seventy tons bur- 
den> and movod with giaatease through the canal, 

12 Q 2 
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a distance of nineteen and a half mi lev' in si< 
hours, although the whole time it hlew a strong 
breeze ri^ht a-head of us, so much so, that no 
other vessels could more to windward in the canal 
that day but those we had in tow, which put be- 
yond the possibility of a doubt, the utility of the 
scheme in canals and rivers, and ultimately in 
open seas. Though in this state of forwardness, 
it was opposed by some narrow-minded proprie- 
tors of the canal, under a very mistaken idea 
that the undulation of the water, occasioned by 
the motion of the wheel, would wash and injure 
its hanks. In consequence, it was with great re- 
luctance laid up in a creek of the canal, exposed 
for years to public view, where Henry Bell from 
Glasgow, who also frequently inspected the steam 
boat at Carron, in 1789, did also particularly 
eiamine this." 

During the time that he was engaged in this 
experiment, Symington received a visit from a Mr. 
Fulton, " who," says he, ** politely made himself 
known, and candidly told me, he was lately from 
North America, and intended to return thither in 
a few months|; but having heard of our steam^^boat 
operations, he could not think of leaving the 
country without first waiting upon me, in expec* 
tation of seeing the boat, and procuring such in* 
formation regarding it as 1 might be pleased to 
communicate. He at the same time mentioned, 
however advantageous such an invention might 
be to Great Britain, it would certainly be more 
so to North America, on account of the many ex- 
tensive navigable rivers in that country. And as 
timber of the first quality for building the vessels, 
and also for fuel to the engines, could be pur- 
chased there at a small expense, he was decidedly of 
QpinioDy it could hardly 1ki\, in a few year8> to be«^ 
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come very beneficial to trade in that part of the 
world; and that his carrying the plan to North 
America, could not turn out otherwise than to my 
advantage; as if I were inclined to do it^ both 
the making and superintending of such vessels 
"would naturally fall upon me, provided my en» 
gagements with steam-boats at home did not oc- 
cupy so much of my time, as to prevent me from 
|>aying any attention to those which might after- 
wards be constructed abroad. In compliance 
with his earnest request, I caused the engine fire 
to be lighted up, and in a short time thereafter 
put the steam-boat in motion, and carrying him 
four miles on the canal, returned to the place of 
starting, to the g^eat astonishment of Fulton and 
several gentlemen, who at our request came on 
board. During the above trip, Fulton asked me, 
' if 1 had any objections to his taking notes respect- 
ing the steam-boat ?^ to which question, I said 
* none;* and after putting several pointed questions 
respecting the general construction and effect of 
the machine, which I answered in a most explicit 
manner, he jotted do%n, particularly, every thing 
then described, with his own remarks upon the 
boat ;" *'* but he seems," says Symington, *' to 
have been altogether forgetfulof this, as, notwith- 
standing his fair promises, I never heard anything 
more of him till reading in a newspaper an ac- 
count of his death/' 

From these facts, the author of the sketch thinks 
it is very evident Symington was the first person 
who had the merit of tuccessfuUy applying the 
power of the steam-engine to the propulsion of 
vessels, and that there can be but one opinion, that 
in its influence on the fate of a most ingenious 
man, there existed not enterprise enough in Scot- 
land^ to encourage this excellent artisan to repeat 

So 8 
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hii lotrreMing and imporUnieiperimeDUoD the 
liver Cljde. 

About the lime Sjmin^oa bad ebaodoDed 
fail experiments, M. Des Blanc, a watchmaker at 
TrevoDi, had built a iteam-boat, aod madeaom* 
experiments «ith it on the rivet Soaoe. The 
fint altempU were ao lucceuTuI as to bciDg forth 
the Marquii de Jouffroi, iritb hia prior claim ; 
the final result, however, was as hapless as the 
Marquis's. 



CHAPTER TWENTY-ONE. 



" LIKS ONB THAT D&AWS THE MODKL OV A HOUSE 

BETOKD HIS POWER TO BUILD IT; WHO HALF THKOUGK 
GIVES 0*£|t, AMD LEAVES HIS PABT-C&XATED COST 
A NAKED SUBJECT TO THE WEEPINO CLOUDS, 
AND WASTE FOR CBUBLISH WINTEB's TYBANNY.** 

Shakspeare. 



Of the numerous projects afloat, one opparenlty 
verj sedDctive to mechanical men, as nelt as 
moat impocrBQi ta the public, was a mecbanism to 
move a carriage along roadj, by means of a steam- 
engine, in place of the power ot horaes. 

If Cug^ot'i experiment liad ever been known 
in Engumd, no tracea of it can nov be diico- 
veredi and the carriage Walt described can b« 
considered but as a crude flrst thought ; foi it U 
ditGcult to imagine any modification of tbe con- 
densing engine, vhich could ever make it be< 
Come Lbe means of moving a ■team-carriag:e. 
In itself it was complex, bulky, and pondeious j 
tbe water for condensalioa required to be COD' 
tinually renewed, and this alone would almost 
operate as an eiclusive bar agaiusl its adoption. 
Id fact, instead of so unwieldy a mechanism mov- 
ing a long train of heav y carriages from its sur- 
plus power, it might have required some extra 
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Lenpold'a «cbeme v/ob not matured, and al- 
though Watt * had mentioned it when mentioning 
his carriage, it is certain he never carried it into 
practice: indeed, his idea of condensing the 
steam by air, is sufficient to show that his descrip- 
tion was a mere thought j and his account of 
moving pistons by steam against the air, forty-five 
years after it had been promulgated by Leupold, 
was, however, in terms so vague, as to warrant the 
belief that he had never seen the German's account 
of it. Besides, to the period of his death he re- 
tained rooted prejudices against the use of sleam 
of a high temperature, on account of its danger, 
as well as because he considered its use gave no 
economical advantage over vapour of a much 
lower elastic power. 

If the invention of a •team^waggon were not, 
therefore, a hopeless project, it was one sufficiently 
improbable to deter plodding prudent men from 
engaging in it, with the mechanical means then in 
their power. 

It will be obvious, that from the nature of the 
objections to the use of the condensing engine, as 
a mover of carriages, either that steam must be 
given up, or some other mode of applying its im- 
pulse must be resorted to, than had been yet prac- 
tised ; for, in fact, the intermediate mechanism by 
which the carriage was to be propelled, was in 
this case a matter of secondary importance only. 

* " I soon relinqaisbed the idea of constnictine an eiifi;ine 
upon this principle, from being sensible it would be liable to 
some of the objections against Saverj's engine, viz. the dan- 
gler of barstiog the boiler, and also that a great part of tha 
uower of the steam would be lost* because no vacaum was 
lormed to assist the descent of the piston. 

" I however described this engine in the fourth article of 
my patent, in 1769, and again in the specification of another 
patent, in the year 17B4, together with a mode of applying it 
to wheel carriages.^^^otCi Narrative, 
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In a bold deviation from the beaten track, it was 
the good fortune of Mr. Richard TrevithickandMr. 
Andrew Vivian^ two engineen retiding at Cam* 
bourne, in Cornwall, to find the path which con- 
ducted them to their object; rejecting the absurd 
prejudice! which had made high-pressure steam 
be excluded from practice, thej saw in the for- 
midable qualities which had excited the fears of 
Watt and others, those yerj properties which fitted 
' it to become the actuating principle in their port- 
able apparatus. Above all the other considera- 
tions which swayed them in their preference of 
steam of a high temperature, was the power it 
gave of dispensing with the use of the condenser 
altogether, a part which, from its cumbrousness, 
and the difficulty of supplying it with water, in fact, 
made Ne^comen's imperfect apparatus better 
adapted to locomotive purposes than even the 
Soho engine. It is somewhat singular, too, that al- 
though during the thirty years that Watt's mo- 
nopoly existed, the whole ingenuity of practical 
men appeared to be directed to form an appara- 
tus, in which the use of the condenser was essen- 
tial to its proper action, yet no sooner had this 
invention become public property — the same year 
^han a scheme was matured, and carried into ef- 
fect, which, of all the applications of this power, 
as a whole, touches not in any point-^does not 
even approximate to any of Watt's ideas as ex- 
hibited in his condensing engine. 

The boiler a in the engraving (marked Trbvi- 
THICK and Vitiak) is made of a circular form, 
and is inclosed in a case 6, luted with fire-clay ; 
e, the piston cylinder, the greatest part of which 
is inclosed within the boiler ; 4, a cock for per- 
mitting steam to pass from the boiler into the cy« 
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Hnder, by the pipe e, the area of which is dimi- 
nished or enlarged by a throttle valve; if the cock 
d is moved a quarter of a tarn, it will open or shut 
the passage to the upper or under side of the cy- 
linder;/, a piston rod moving between guides^ 
driving the crank g h, by means of the rod i ; the 
fly k is placed on the axis / of this rod ; m, is a 
double snail or eccentric wheel, which in its rota- 
tion presses down the small wheel r, and raises the 
weight n, by its motion on the joint at o; from which 
proceeds downwards an arm or lever p, and con^ 
sequently, the extremity is at the same time moved 
outwards; this action draws the horizontal bar o, 
and carries the lever or handle s, (which moves 
upon the axis of the cock (2,) through one-fourth 
of a circle. There is also a clicks or ratchet- 
wheel on the axis which is coiling during the. pas- 
sage of the bar o outwards, and does not then a«a to 
move the steam-cock ; but when the extremity x^ 
of the snail, touches the wheel, the piston will 
then be about the top of its stroke, and the wheel 
r suddenly rises into the concavity of the snail ; 
this causes the horizontal bar to move the steam- 
cock, which turns the steam upon the top of 
the piston, and also affords a passage for the 
steam to escape from beneath the piston ; every 
stroke of the piston whether up or down produces 
this action. 

There were some other adjusting contrivances 
introduced, but which, from the small scale of the 
figure, could not be exhibited with clearness, and 
are therefore omitted ; the water, for instance, for 
the supply of the boiler, was heated before its in- 
troduction, by the steam which had moved the 
piston^ passing under a false bottom^ perforated 
with snuiU holes; a portion of it so heated> waf 
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driven into the boiler at every revolution of the fly, 
by means of a forcing pump *. 

When Trevithick and Vivian produced a va- 
cuum, and worked their mechanism by high-pres- 
sure steam, they injected the " water above the 
bucket of the air->pump, and by this means, ren- 
dered the space usually left between Ihe bucket 
and the foot-valve unnecessary, and thus perfectly 
excluded the admission of any elastic fluid from 
the injection water, into the internal working 
spaces of the engine." 

The admission of the steam may be regulated, 
as in the condensing engine, by a governor. The 
safety valves on the boiler may be constructed on 
the common plan ; a plug of lead, or any metallic 
compound fusible at a given heat, may be inserted 
into the boiler, which will melt when the steam 
rises to a certain temperature, or when the water 
£aUs below a certain level, and let it escape into 
the atmosphere. 

Such is the simple and powerful machine of 
Trevithick and Vivian ; and it is but justice to 
these most ingenious men to observe, that the 
engraved figure has been selected, as being that 
which they gave as the illustration of their first 
apparatus, although much less perfect than some 
others which they were called on to erect after- 
wards ; but still it exhibits in construction the most 
beautiful simplicity of parts, the most sagacious 
selection of appropriate forms, their most conve* 
nient and effective arrangement and connexion ; 
uniting strength with elegance, the necessary so- 
lidity with the greatest portability, possessing 
unlimited power, with a wonderful plasticity to 
accommodate it to a varying resistance ;— it 

* Repertory of Arts, to1« ivi p. S44. 
3 R 
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may indeed be called^ by way of diitinctioOj thb 

STEAM-ENGINE. 

It were extraordinary if so admirable a design 
offered no point to be objected to: we have 
seen Watt was hostile to the use of steam of 
a very high temperature, from an opinion of 
its danger, but experience has shown, that this 
is more imaginary than real. Contrivances to 
ensure safety have been multiplied ; and as far as 
human foresight and contrivance can guard against 
accidents, accidents may be as effectually guarded 
against in an engine on this construction as in one 
acting by the condensing process. There is not — 
there cannot be, anything in its formation or action, 
where these are resorted to, to occasion the least 
ground of alarm. If the same care, therefore, be 
applied to a high-pressure engine, it must be as safe 
as a low pressure one ; indeed, notwithstanding the 
operation of vulgar and absurd prejudices against 
its safety, and the effect this necessarily has to 
!imit our knowledge of its properties, and also to 
circumscribe its use, the engine of Trevithick and 
Vivian may now be considered a rival, so 
formidable, as to justify the opinion that, at no 
very remote period, it may claim to divide the 
palm of merit with the condensing engine. . 

The carriage, of which this beautiful apparatus 
was to form a part, which also may be considered 
as the first successful experiment, on a great scale, to 
apply steam to locomotive purposes, resembled in 
its form those used in the common stage coachesj 
for the conveyance of passengers. *' A square 
iron case, containing the boiler and cylinder, is 
placed behind the large or hinder wheels of the 
carriage, and is attached to a frame supported from 
the axles of those wheels. The cylinder was in a 
horizontal position, and the piston rod was pro* 
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jacCed backwards and forwaids in the line of the 
road towards the front of the carriage. Across the 
square frame, supported by the wheel of the 
carriage, an axle was extended, reaching a little 
beyond the frame on each side ; this axle was 
cranked in the middle, in a line with the centre 
of the cylinder, and a connecting rod, passing from 
the end of the piston, turned this axle rounds and 
produced a continued rotary motion of it, when 
the piston was moved backwards and forwards 
in the cylinder; upon both ends of this axle, cog- 
wheels were fixed, which worked into similar cog- 
wheels upon the axles of the wheels of the car- 
riages, so that when a rotary motion was produced 
in the cranked-axle by the piston rod, the rotary 
motion was communicated to the axle of the 
larger or hinder wheels of the carriages, and these 
wheels, being fixed upon and txirning round with 
the axle,gave a progressive motion to the ca^riag^» 
Upon one end of this axle, was fixed a fly-wheel, 
to secure a rotary motion in the axle at the termi* 
nation of each stroke." 

The fore wheels of the carriage were of the 
usual form, which, turning to different angles with 
the body of the carriage, directed its motion upon 
the road ; and, in cases where abrupt turns of the 
road required sudden changes in the direction of 
the carriage, the toothed or cog-wheels, on either 
side, could be thrown out of geer,and the opposite 
wheel made to drive the carriage into the proper 
obliquity of the road. Upon the periphery of the 
fly-wheel, a brake was attached to regulate the 
descent down steep hills. The contrivances to 
effect the requisite motions of the various parts of 
this machine are extremely ingenious, and con* 
sidering it as the first which directed public atten* 

3 R2 
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tion to the subject^ is entitled to great commen- 
dation ; but the many objections to its applica- 
tion upon turnpike roads, operated to prevent the 
patentees from carrying it into practice in the 
manner described in their specification ; they, 
therefore, very properly directed their attention 
to its use upon rail-roads. 

It was not until two years after the date of this 
patent (1804), thatTrevithick and Vivian had op- 
portunity to make an experiment upon the Merthyr 
Tydvil rail-road : the engine had an eight-inch 
cylinder, and the piston had a four-feet six inches 
stroke ; it travelled at the rate of five miles an 
hour, and drew as many carriages as carried ten 
tons of iron, for a distance of nine miles, with- 
out requiring any water to be introduced into the 
boiler from the period of its starting until it had 
reached the end of its journey ; the great obstacle 
to its introduction at the time^ was the supposed 
want of hold, or adhesion of the wheels upon the 
rails, to effect the locomotion of the engine. 

The persevering and ingenious Evans of 
Pennsylvania, who has been already mentioned, 
as having, some time before this period, been 
engaged in the pursuit of constructing a steam- 
waggon, appears from his narrative, which is a 
characteristic one, merely to have described this 
mechanism, and deposited the description in the 
office of the state of Maryland. For he admits, 
that he never carried the scheme into practice 
until some time in the winter of 1804, and then, 
finding that the engine he had thought of for the 
prime mover, was different from any he had con- 
structed before, he gave up for a time his waggon 
project, and applied his engine to move a mill 
for grinding, plaster of Paris. 



Is tlie engmving^ marked EvANfl, d is an end 
Tiew of the boilerj» consistiDg of two CTlindrical 
tubes, the lesser inside the greater; the fire is 
kindled in the inner one, which serves as a furnace, 
and the water to be heated lies between them; 
the smoke passing to the other end is tnmed under 
the supply boiler b, to heat the water for supplying 
the waste occasioned by working; e, a supply 
pipe which brings the water up, and forces it into 
the supply boiler, at every stroke of the engine ; 
the steam ascends the pipe, and if the throttle 
valve d be lifted to let the steam into the engine, 
and valves e and / be opened, the steam drives the 
piston g to the lower end of the cylinder, as it 
appears in the engraving, the steam escaping before 
the piston through the valve/; as soon as the 
piston is down, the valves ef shut, and A t open, 
the steam enters at h, to drive the piston up again, 
and escapes before the piston through the valve i t 
these four valves are wrought by two wheels k l, 
with cams on their sides, which strike against 
four levers, (not shown in the figure,) to which the 
stems of the valves are attached, and which open 
and shut them at the proper times ; the motion 
of the piston g gives motion to the lever m 7t,and 
the rod m o, connected to the crank, puts it in 
motion, and the fly-wheel q r keeps its motion 
regular ; the spur-wheels « f, of equal size, move 
the valve wheels Ik; the lever m n works the 
supply pumpo; thus the motion is continued. 
The steam, after it leaves the engine, escapes 
up the pipe st x, through the roof of the house, or 
into a condenser, if one be used, or through the 
supply boiler to heat the water; y a safety valve, 
kept down by a lever graduated like a steel-yard, 
to weigh the power of the steam : this valve will 
filso lift, to lat tha steam escape when iu power 

9rS ^ 
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18 too great, and if the pipe of the safety-valve be 
turned into the flue of the furnace^ then, by lifting 
the valve* the ashes may be blown out of the flue. 
Evans found that, in an engine working ten saws, 
when it was put in motion with steam of the elas- 
ticity to drive one saw only, and suffer the piston 
to move briskly, the steam was carried off from 
the boiler as ftist as it was generated, and fuel 
consumed and time spent to little purpose ; but 
when the steam was confined^ and retained in 
the boiler until it lifts the safety-valve with a 
power sufficient to drive ten saws, it will do that 
work all day, and consume but little more fuel ; 
and if the working cylinder be eight inches in 
diameter, it will drive a pair of five-feet millstones. 
This engine, it will be seen from the figure, 
deviates little from the condensing engine of 
Watt, except in the boiler, the form of which is 
excellent ♦. 

* One of his first boilers was a cast iron cylinder^ twenty 
inches in diameter, and twenty feet long, cased on the outside 
with wood. In other cases, he made the fire surround the cy- 
linder, and inclosed the flue by brick work. 

His boilers were made strong enough by estimation, to bear 
a pressure of 1500 pounds on each sqnare inch, but he gene- 
rally worked with a pressure of from fifty to one hundred 
pounds on the square inch. He thought, in comparing the 
economy of using steam at Uiishigh temperature, in an engine 
without a condenser, with that from 212^ to 320° used with 
a condenser, that, bv doubling the fuel, he produced sixteen 
times the eflFect. Tne water was supplied to the boiler by a 
«mall forcing pump : he experienced great loss of power, by 
using cold water as a supply, " for although it lowers the 
heat but little, yet as it has been shown that a small increase 
of heat, 30**, doubles the power, so an equal decrease reduces 
it a half, from one hundred and twenty pounds to sixty pounds 
nressnre." p. 37. Erans therefore used a second or supply 
boiler, the water of which was heated either by the steam 
which escaped from the cylinder, or by passing the flue of the 
furnace under it ; as we may suppose that cold water receives 
lieat more freely than hot, ne sometimes made hi3 boiler in 
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. Evani also worked his eii^he« with steam 
nsed expansively, and this was probably their most 
economical application ; he raised the tempera- 
ture of the vapour, to make its elasticity equal to 
120 pounds on each square inch, and shut off its 
entmnpe into the cylinder when the piston had 
made a part of its stroke, as practised by Watt 
and others, with steam of the common temperature. 
" Thus the piston isdriven by strong puffs of steam* 
the same as an air-gun drives its bullets, with this 
difference, the air-gun is soon exhausted, but the 
fire keeps up the power of the steam ; the whola 
power of the steam is expended on the piston 
before it leaves the cylinder, except what is neces- 
sary to resist the atmosphere *." 

several parts, passing the fine of the f amaee through them all, 
and forcing the sapply of water into that part furthest from 
the fire, to pass from the one to the other, by small connect- 
ing pipes meeting the fire. — Young Steam JSngineei's Quid*, 
p. 49. 

* ** Newoomen^'s invention was the first step, an enonnons 
stride, from the simple paths of nature. Here they lost sight 
of the true principle described by Lord Worcfster. Had 
Newcomen constracted a strong boiler, snch as used by 
Savery, and applied the force of steam simply to lift th« 
piston, and the piston to lift the pamp-rod to make a stroke, 
and let his steam escape nnconoensed^ he would have per- 
formed at least treble the work with the same fuel." — Joid. 

pir90. 

** It is evident Watt in his experiments on rotary engines, 
.used weak steam, and placed dependence on the ose of a con- 
denser. Had he, in his experiment with Barker's mill, lessened 
the apertures by which the steam issued, so as to confine the 
steam until the power in the boiler was equal to one hundred 
pounds to the inch, he would have been astonished to see St 
revolve about one thousand times in a minute, supposing the 
rotary tube to have been three feet in length. . My rotary 
tube was three feet long, the elastic power of steam about 
fiftf six pounds to the inch; it revolved with a velocity of 
seven hundred or one thousand times per minute ; the aper- 
tures by which the steam issued, were two-tenths of sn inch 
in diameter ; it exerted more than the power of two men, and 
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This eog^Mt however, will aot bear ft compari- 
son with tfaot of TreTithick and Vivian. But the 
practice of Evans^ and his publication on the sub* 
ject, the first which was professedly of a prac- 
tical nature, has produced a general impression 
in favour of using steam of a high temperaiure in 
North America; and by thas dispelling the vulgar 
prejudice which still exists against its use in 
England, the foundation has been laid for the in- 
troduction of improvement, on a principle which is 
yet thought to be capable of a great and beneficial 
extension *, 



would answer to turn lathes, grindstones, Sec, wliere fael is 
cheap."— /6td. p. 94. 

* In the same book Evans describes some other projects, 
Irom which three are selected t^the first, a raeobanism similar 
to Amonton*s Wheel, suggested by a pulse glass, on which he 
made a rough eiperiment. *' A K6llow metal wheel was filled 
half fnll witii spirits (tf wine, or water. After expeUinff the air 
so as to form a vacuum in the upper part of the wheel, it was 
«los«d up, so as to b« steam and air tight. There were no 
working cooks or valves, or movittgjparts, except the axle, 
which is like that of a water-wheel. The wheel being set over 
Efire, with the flue confined, so as to embrace about one-fourth 
part of its circumference, the heat of the fire generated 
dteam in the lower and rising quarter of the wheel, and 
forced the liquid to the descending and upper quarter, and 
■the wheel turned slowly by the weight of the water being 
greater in the descendmg than in the ascending side. By 
•«Mng steam of S7S degrees, its power in the lower quarter 
will be 60 pounds to the inch, and in the upper quarter, re- 
dneed (by a small shower of eold water applied on the upper 
Btde^ to do pounds, the water will be driven with great ve- 
locity from ^e lower to the upper quarter, and it will move 
round rapidly and with g^at power. H« constructed a 
•** wheel 01 lead on this principle, which moved slowly," and 
he thinks that, considering Its g^at simplicity, and that when 
once filled with the spirits of wine, it would never require to 
be replenished, as no vapour is snflTered to escape, it is the 
simplest and most philosophical steam-engiae ever conceived.*' 
He adds, that he was satisfied with his high pressure engine, 
** bat that if he expected to Uw one hun4n»l yean hnger^ 
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Evans^ too, had rivals to dispute even his se- 
condary claims to invention. A Mr. John Ste-« 
vens, of Hoboken, near New York^ had been 
making experiments to apply steam of a high 

and c(ntld spare the money and timet be would think it vorthy 
of a full experiment." 

The construction of his volcanic steam-enmne is also re- 
ferred to another but not so definite a date. ^* In our pnrsnit," 
sayS'Evans, *' of means to prevent the loss of heat which is 
carried up the chimney of the furnace, let us have recourse to 
the works of nature ; view the natural volcanoes, where the 
fire burns without the aid of atmospheric air ; where all the 
elastic fluid generated by the fire dissolving the fuel, and all 
the steam formed by the water that may occasionally come 
in contact with the fire, united, forms the most terrible and 
powerful of all steam-engines ; in which the furnace^ boiler, 
ctnd working cylinder are united in one, working on the simple 
principle of applying great elastic power ; casting op moun- 
tains and making the earth quake as she brings her strokes. 
To apply these principles as far as we can, we make a cylin- 
dric boiler about thirty-six inches in diameter, eight or ten 
feet high, with a furnace inside of it, eighteen or nineteen 
inches diameter ; both the boiler and furnace are united to the 
same heads, the fire being inside of the water, and the smoke 
flue turned downwards through the water to the bottom, 
where the smoke is vented, and rises in many streams of 
small bubbles, that it may impart all its heat to the water to 
generate steam. The elastic fluid, generated by the combus- 
tion of the fuel, which we may suppose is 3000 times the bulk 
of the fuel, and the air used to kindle the fire, expanded by the 
heat to double its original bulk, unites with the increased 
quantity of steam, to work the engine with great elastic 
power. But, until we can discover a fuel that wul bnm with- 
out the aid of atmospheric air, or until we can find means for 
kindling the fire with a blast of atmospheric air, as may be 
the case in volcanoes, we use a forcing pump to force in air 
to kindle the fire. This form of engine will work with much 
ess fuel, and be much lighter than any other ; it would there- 
forebe more suitable for boats or land-carriages. I^ made, 
continues our speculator, a small boiler on this principle, 
which operated favourably, but beingj weary of the trouble 
and expense of putting new principles in to practice, I declined 
the pursuit, until better prospects open, or a more favourable 
opportunity offers.** — Ibxd. p. 48. .... 

When this principle' Is pot in oi)eration,in addition to those 
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temperature^ by generating it in a boiler formed of 
Bmall copper tubes; each about one inch in diame* 
ter and two feet long, inserted at each end into a 
brass plate ; these plates were closed at each end of 
the pipes by a strong cap of cast iron or brass, 
leaving the space of an inch or two between the 
plates. The necessary su pply of water was injected 
by means of a forcing pump at one end, through 
a tube inserted at the other end ; one of these 
boilers six feet long, two feet deep, and four feet 
wide, exposed four hundred feet of surface in the 
most advantageous manner to the action of the fire. 
Stevens said his object was to form a machine 

already explained, t conclude, that all the principles of nature, 
suited to aid us in the working of steam-engines, are taken in, 
excepting one, which would enable us to work a steam-engine 
without fueU which I conceire is only to be done by plane 
mirrors, and, perhaps, with much less expense than majr at 
present be supposed, (see pages 6, 11, 39.) Many may think 
this idea chimerical, until they discover that water exposed to 
the single peq)endicular rays of the sun, in a suitable vessel, 
will soon acquire the heat of human blood, in 92 decrees, not- 
withstanding the constant evaporation going on, which carries 
o£P the heat as fast as generated. Experiments may determine 
how many single rays must be collected, to triple the heat 
from 92 to 276 deg^^^ ^^ the water, which, by the table, would 
produce steam ofelastic power sixty pounds to the inch ^ this 
would work a very powerful engine, to raise water in hot 
countries for yarious purposes. The rays collected to a focus 
by a convex lens, thirty-six inches aiameter, produced a 
far greater degree of heat than anv furnace ever had. How 
many lenses can we suppose would be necessary to work an 
engine ? But we need not go to the expense of lenses ; one hun- 
dred plane mirrors, containing each nine superficial feet, and 
which might be constructed of nine small glasses, one foot 
each, fixed in a frame, niay collect rays sufficient for a power- 
ful engine. The time wiU come, when water will be raised 
by the heat of the sun at a very small expense. But the ex- 
pense of such inventions cannot be borne by those who have 
the mental powers to d^ign them ; at least it is highly im- 
prudent for them to risk it. In such cases, aid from govern* 
vent bfioeaiei ii9cwary."-p>/M4, p. 19Q. 
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adapted more immediately to the pR^llin^ of 
a boat. " He tried a rotary engine, on the axis of 
which revolved a wheel at the stem of the boat, 
like a windmill or smoke^Jack, but he found it 
impossible to preserve a sufficient degpree of tight* 
ness in the packing | a second modification of hit 
rotary apparatus, on trial, proved no better than 
the first. At last he had recourse to Watt's engine^ 
with a cylinder 4) inches in diameter and a nine 
inch stroke ; the beam was omitted ; the boiler, 
two feet long, fifteen inches wide, twelve inches 
high, consisted of eighty-one tubes each an inch 
in diameter ; his boat was twenty-five feet long and 
five feet wide. This was tried in May 1804, and 
had a velocity of four miles an hour ; after having 
made repeated trials with her, his son undertook 
to cross from Hoboken to New York, when un- 
fortunately, as the boat nearly reached the wharf, 
the steam-pipe gave way, having been put on 
with soft solder. This boiler being damaged, the 
next one was constructed with the tubes placed 
vertically. The engine was kept going for a fort- 
night or three weeks, the boat making excursions 
of two or three miles up and down the river; for a 
short distance he could make it sail at a rate of 
not less than seven or eight miles an hour*." 

In the same year, his rival constructed, for the 
Board of Health in Philadelphia, a machine fof 
cleaning docks. Evans, who was a clever man 
with a plain name, considering that a sounding 
cognomen would do no harm to a simple ma* 
chine, christened his mud*scraper, the Oruktef 
Amphibolos. This was a heavy flat-bottomed boat, 
thirty feet long, and twelve feet broad, with a 
chain of buckets to bring up the mud, and hooks 

* Colonel Sterens took out s patent for his boiler ia EMrUa^t 
in X806. '^ 



to clear away sticks, stones, and other obstacles* 
A small steam-eDg^ne was placed in the boat to 
work the buckets, having a cylinder five inches in 
diameter, and a stroke of nineteen inches. " It 
was constructed one mile and a half from the river 
Schuylkill; the boat was mounted on wheels, 
which were moved by the engine ', the whole, weigh- 
ing about 42,000 pounds, was moved with a gentle 
motion up Market Street in Philadelphia, and 
around the Centre Square; and he concluded from 
the experiment, that the engine was able to rise 
any ascent allowed by law on turnpike roads, 
which is not more than four degrees ; and when 
the Orukter Ampliibolos was launched, he fixed a 
simple wheel at her stem to propel her through 
the water by the engine ; she drew nineteen inches 
of water; and he inferred, that if the power had 
been applied to give the paddle-wheel the proper 
motion, he could have stemmed the tide of the 
Delaware.'' 

Stevens went no further with his experiment, and 
Evans also stopped with this exhibition; indi»> 
cussing their claims, Evans declared, that he had 
spent two thousand dollars oxrhis project; Stevens^ 
lamented that he had been '' twenty years of his life 
on his, and spent twenty thousand dollars, without 
deriving a shilling benefit." Stevens thought some 
of Evans's projects were absurd : Evans retorted, 
*^ that the colonel's setting himself up as an ob« 
fltacle to his improvements, had done more to 
perpetuate his (the colonel's,) memory than his 
twenty years' hard work, and the loss of his twenty 
thousand dollars." Be that as it may, although in 
their lives their schemes were opposed, our respect 
lor their memories shall not be divided, and they 
shall together enjoy that immortality which our 
littla book, we hope, will confer upon them. 
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The rotary engine by Homblower, which has 
already been described, is complex. His second 
one^ though simpler, is liable to the same objec- 
tion. ^' It has a rotary motion within itself by the 
actions of four vanes, like those of a smoke-jack^ 
but formed of iron of some considerable thickness, 
sufficient to form a groove to hold some stuffing, for 
the purpose of being steam-tight during their ac« 
tion — they are mounted on an arbour, which has a 
hollow nave in the middle ; the tails of the vanea 
are inserted into this nave, and each opposite vane 
is affected alike, by having a steady connexion 
with its opposite one ; so that> should the angle 
or position of one of the vanes be altered, the op- 
posite one (attached to it) will be altered likewise, 
and they are not set in the same plane but at right 
angles to each other. If we conceive these vanes 
to be held in a vertical position like the sails of a 
-windmill, when one vane is flatly opposed to the 
-wind, the opposite vane will present its edge to it ; 
and this they are constantly doing in their rota- 
tion, on their common arbour, and the steam acts 
against the vane on its face in propelling it into 
action, for about the quarter of a circle, or 90°, in 
the box wherein it acts, and then it instantly turns 
its edge to the steam, while at the same time ano- 
ther vane has entered the working part of the box, 
and the rotation proceeds without interruption." 
Doctor Gregory observed, that in this mechanism, 
as the stuffed parts (or those which move and re- 
quire to be made steam-tight) are of great extent^ 
with regard to the magnitude of the machinery, 
and exhibit rapid variations of shape, they would 
be found difficult to keep in order. 

Trfevithick seldom loaded the safety-valve of his 
engine with a weight beyond three or four atmos* 
phetesv Bnt a Mr. Wilcox of Bristol thought the 

S8 
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vapour might he raised to a temperatare having 
a pressure of ten or twelve. High-pressure steam^ 
however* was in no instance more skilfully or eco- 
nomically applied, than by Mr. Arthur Woolfe of 
C&mbourne in Cornwall. He operated with vapour 
of a temperature as high as Trevithick^ but instead 
of permitting it to escape into the atmosphere 
after it had elevated the piston^ he introduced the 
steam into a cylinder of much greater size, (also 
Utted with a piston,) which communicated with a 
condenser. The high-pressure vapour, as it 
escaped from the smaller cylinder, expanding in 
the larger cylinder, raised its piston, into a vacuum 
made on the other side of it. And as the steam 
acted alternately on both sides of the smaller pis- 
ton, it was also introduced both above and below 
the piston in the larger cylinder. 

The espansive property of steam, which was 
applied so skilfully in this engine, was, as has 
been described^ used in almost all of his engines 
by Watt, and now that his monopoly had expired. 
It was 'also used by others. And Falck and Horn- 
blower also, had even employed its action in two 
cylinders. But neither Watt nor his followera 
raised the vapour beyond three or four pounds 
above the pressure of the atmosphere. Woolfe 
began where Watt ended. 

In carr^fing the modification into practice, 
Woolfe informs us, he was led to observe the law 
of the expansion of elastic vapour, at very high 
temperatures, and he found that steam, for in- 
stance, having an elasticity of four or five pounds 
above that equal to the atmospheric pressure^ 
-would expand to four or five times its bulk, and 
still preserve a force equal to ^hat of the atmos- 
phere I and that vapour, equal to resisting five^ 
Bhi ten, twenty, or one hundred pouAds above 



the ptetmtt^ of -the aiaosphete^ woM cac|Aiid 
into five, gix, ten, twenty^ or oae hmndred timet 
ita bdlk« and still baknce the atmosphere) with* 
DQt receiving any additioaal supply of heat. 

This ptopecty> therefore, ioflaenced the pro** 
portions of his cylinders ; if he used steam of fire 
or ten pounds above the atmospheric pressure; 
the second cylinder was made five or six times 
laigei than the other. 

Experience, however, aoon sobered the hopei 
that were raised b^ what was called a discovery. 
In fiict, Woolfe himself was amonp the first who 
observed the fttllacy; and it is qaite certain, 
that in all his after-pimctice, he was guided by a 
rule, very different from that which has been 
stated, and he proportioned his cylinders, so as to 
allow the steam to expand into double its bulk^ for 
every tenor twelve pounds which it could support 
above the atmospheric pressure; and he also 
found that the economy of allowing the expansion 
to proceed beyond eight or nine timet the primi^ 
tive bulk, was problematical* 

It is now, by experiment, put beyond a doubt, 
that this mode of using a second cylinder produces 
a very considerable saving of fuel ; in some cases 
which have been detailed, it amounts almost to a 
fourth, even when the comparison was made with 
one of the condensing engines in the best working 
condition. 

The mechanism will be easily understood, by 
referring to the diagram of Hornblower's engine. 

To diminish the expense of boring the cylinders, 
they were recommended, by Mr. Job Rider^ to be 
lined with a softer metal^ and to be finished by 
what is technically called draw-boring. Rider also 
made the piston rod hollow to serve as an educ- 
tion pipe, and regulated the admission of steam 

8S9 
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to the GVlxnder^ b^ a weight woand up on a 
drum or barrel, which received its motion from a 
■eries of wheeli. The motion of the barrel draws 
up this weij^ht> which, being attached to the end 
of a lever connected with the steam valve^ opens 
or shuts it, as it may be adjusted. The opening 
of the valve is formed conical, having its smaller 
end nearest the boiler, and the valve itself is a 
corresponding portion of a cone, which is ad- 
vanced into its seat, or withdrawn, to diminish or 
enlarge the steam-way. Mr. William Deverel, 
who, it also appears, was aware of the fallacy of 
Woolfe's statement, recommended that the cylin- 
ders should have the proportion of one to three, 
if the steam in the boiler was equal to forty-four 
pounds on each circular inch; and he also consi- 
dered, that after the steam had raised the small 
piston, it should be conducted into a sepamte ves- 
sel to expand, before being admitted to act on the 
piston in the laige cylinder. 

The manner Mr. James Boaz, of Glasgow, pre- 
vented the cylinder, containing the steam, from 
being cooled by the water which was raised into 
it, was to make the steam, which acts on the 
piston a, press the mercury beneath it, (indicated 
by a darker shade) up the pipe fr, and by its 
motion force the water through the pipe c, into 
the reservoir. When the mercury has been 
nearly all expelled from the cylinder, the steam- 
cock e is shut, and the air-cock opened, the 
vapour escapes into the atmosphere, and the 
weight of the mercury raises the piston in the 
cylinder, and this leaving a vacuum in the pipe, 
the pressure of the atmosphere raises the water 
through h to replenish it. 

In Mr. William Trotter's steam-wheel, a is an 
immoveable cylinder, in which another cylinder 
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d xeveHfCi ^n Hi axif t k i»ftoii e plM«d[ im iti 
einsumfereDcey io Us rotation) filli the space h<^ 
tfmtn it and the outer vessel; d is an ^ccentrie 
Of Under, havinj^ an aperture in its circumfereno^ 
through which the piston pzotmdes. In its revo* 
lution, a point of the pariphery of the eccentric 
4iyiihder always touches the sarface of the steam 
case, so as to form a steam tight division be- 
tween the two sides of thft piston or sli<ier. 
When steam is introduced behind the pistOB, 
ftli the space on the other side is open to the 
eondenser, and the inner cylinder is carried for« 
ward. The eccentric cylinder being also car« 
rted round by the piston, always, forms, at the 
point of contact, the separation between the va- 
cuum and the steam. It is not known whether 
this clever thought was ever carried into effect j 
a later specolatioo— the founding of the magnifl* 
cent Bazaar in Soho Square, where the most be« 
nevolent purpose is seen directed by the finest 
method — has conferred on the author of this 
steam- wheel a wide and enviable celebrity as a 
practical philanthropist. 

Mr. Andrew Flint's scheme is a modification of 
Bramali's first iciea ; the novelty is produced in 
the valves. The outer cylinder is fixed, and the 
inner cylinder, which revolves, is divided ipto two 
compartments, one of which communicates with 
the boiler, the other with the condenser, by a hol- 
low axle. . The two valves c, d, are each formed 
of a portion of a cylinder, and they ate moved by 
a mechanism on the outside of the fixed cylinder 
being attached to their axes, by which they are 
shut and opened by the motion of the inner cy- 
linder. The action is the same as Watt*s, the 
steam being introduced through the opening e, 
fills the space between the valve c and the piston 

8 s 9 
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which if carried forward to be jand the nlre d ; 
it ia (hea toiaed lound >□ as to coma into con- 
tact with the levolving- cylinder, at the ume time 
that the other valve ii tumed into itj receu to 
allov the pistoQ to post over it, when it i» again 
placed ID the poiition shown in the drawing. 

The amended project* of Mr. Wilcoi of Bristol, 
nith the eicepiion of one scheme, are neaiiy 
the game aa Watt's and Bramah's, the one 
Jbiming (he exception ii the least practical of 
■ny, and more complex thaa them all. Bj meaoi 
of ihoit leven, and a rack and pinion, the piston 
ii moved on a binge, so ^t in pasaine the abnl- 
niMt vaWe, (which thus requires lo be opened 
only to a half of the vidth of (he piston channe),) 
i( is moved nearer to the surface of the revolving 
cylindei, and is (hen drawn into its first position ; 
the abutment valve is (hen moved oulwaids, and 
the rotary motion is coatinued. 



CHAPTER TWENTY-TWO. 



SOOK SHALL TH7 ABM, UNOOMQUXBED STSAH I AFAB 
DBAO TUX BLOW BABOE, OB DBIVX THE BAFID CAB ; 
OR, OV -WfDS VTAVmCt WUTftS, E^AKQJtp 9BA^ 
THE thtttt^ CB&RlOl' YftBOU*H tllll nXffM Ot AIB. 

Darwin, 



Thkhe is pTobabl^ no one, nhoae name ii ai«>> 
ciated vrith Ihe hialorf of thii mechanism, and 
whose laboDn have received ao laige a shale of 
ap^lauK, appears lo have less claim to notice at 
BD inveitlor, Ihan Robert Fulion. 

His father was h poor Irish laboarer, a na- 
liTe of Kilkenny, who emierHied to PennsjWaBia, 
wheie Robert was bom in I765j and it was his 
miafoituiK, when he was little more IhaD three 
years old, to lose, by the death of his blher, 
even Ihe slender protection which this homely 
lot in life afforded. In Ihe Tillage school lia 
was taught to read and write a little, and in Phil- 
adelphia, he afterwards followed, with varied 
success, a yoDlhfnl partiality for drawing and me- 
chanics; in a few years, his perseverance enabled 
him to rise a little above the humble circumstances 
of his family, and to earn a livelihood by tbasale 
of his portraits and landscapes. His frugal habits 
soon enabled him to purchase a amall farm in the 
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neighbourhood of Philadelphia, which he settled 
upon his family ; and cpmidg to London in 1786, 
he experienced tbe^ kindness and patronage of 
Benjamin West, as his countrfman and an artist. 
Under him he made some progresi in design : he 
was clever, without giving indications of possessing 
a talent, that would rise above mediocrity; as an 
artist, he had diligence and perseverance, but he 
had no taste, and little invention : this was attri- 
buted to a divided, and, of course, a desultory 
applicati(H) $ for mechanics, which had always 
some share of his attention^ soon engrossed the 
whole. 

He spent two years near Exeter, where he be- 
came known to the Duke of Bridgewater and to 
the Earl of Stanhope, with the latter of whom 
he communicate in 1 793, on the subject of apply- 
ing steam to move boats ; and ^or the foUowinf 
eighteen months he lived at Birmingham, whefe 
lie matured his scheme for small canals. This pior 
Ject receiving no .attention from government, he 
published it in 1796. The ebaTacter of this book 
was that of its author ; it contained nothing ori- 
ginal^ either in matter or manner. But Crom his 
acquirements as an artist^ the engravings were 
superior to those usually given in similar books ; 
and, as exhibiting industry, was considered for a 
young man to be a respectaole production*. 

* tn this treatise he attempts to prove, that small canals, 
havlgtible by boats of little burden, were j^referable to canals 
mad TesseU of the hxtge diuensioss then m use ; an opiniftn* 
of which the ruiaoas fallacy is ooafirmed by cyery day's ex.- 

f>erience, and the small returns received, in the majorit)^ of 
nstances, from the immense sums expended in excavating 
Had preserviop some of this species of narig^able ditches ill 
<ISiiigland. ** To continue traffic over moaatainous coaottiesi 
i^ proposed iaclined planes* upon which vessels and their 
cargoest navigating the canal, should be raised or lowered 



He recetTecT; in 179^, the thanks of ttro sOci«tie9 
ibr aceountB of rarious projects, and lie had pa* 
tMit» for improrements on sawing nmfble, and 
making cordage, but they did not tarn ont pro- 
dactive to those who became his colleagues. In 
1796 he went to France, but there his private 
schemes met with kess wgard than in England. 
As he was not wanting in a certain sort of jodg^ 
ment, he revived a project which had been oftear 
suggested, and attracted the public eye, by a pro- 
posal to blow up ships, bra machine of hisinven- 
ntion, which * moved entirely under water, and 
thus he hoped to deliver France and the wholo 
worhf from British tyrani^ and oppression*." 

He applied to the directory tor pecuniary" 
assistance : he was referred lo the Minister of 
Marino^ who pronomiced the project impract?* 
cable. FuUon, with his model under his aarm, 
again presented himseff t(y the Directory ; and the 
persons whom they named to inspect it gave an 
opinion in its iavoiu. but the inexoiaUe Miaiatei; 
or Marine fioaUy reiected it. Three yean had 
thus been wasted, when Fulton offered his mode) 

fhnn one JertH to snother ; or by Kf ting or lowerhig tlkS' 
boat and her freio^it perpencKcularlf, by macUnery, wbich 
was to be mored Dy the power of watn- taken from the sn* 
P«rior height^ and applied to a water wheel ; or br the 
Weight of a body of water received into a coffer, whten ws* 
to move in a direct line between the higher and lower level, 
throngh a perpendicnlar shaft, or well, made in the earth 
for that purpose ; and, in another place, he proposes to pass 
over a valley, from one snmmit to the other, by donble in- 
«fined planes, in these projects he only claims the yer* 
pendicnlar lift, and the connexion of the inclined planes with 
machinery, as new ideas.''— Cofden'f Memoir^ p. id. 

* ** His first experiment, 1797, made on the Seine, (ttt 
eompany with Joel Barlow, with whom he lived for seren 
years,} was to impart to carcasses of gunpowder a pro* 
giessife motion underwater, and there to explods«tbemi 
He was disappointed in this machine.*'— /(M., p.S8.^ 
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to the Batavian Directory : to the heavy Dutch- 
men it appeared as impracticable as to their 
lighter neighbours; and M. Vanstaphast, an 
opulent citizen, who had a better opinion of it 
than his colleagues, after disbursing the expenses 
of several trials, also gave it up in despair. 

From Napoleon Bonaparte, after his elevation 
to the Consulate, he at last succeeded in obtaining 
money to make an experiment on a large scale at 
Havre, in the winter of 1801. And in sailing be- 
tween that and Brest in the following year, he 
amused himself by alarming the gunners on some 
parts of the coast, by plunging his nautilus under 
water, and then re-appearing at some little distance ; 
'^ but this amusement was all that his patrons had 
for their money." At Brest, however, he suc- 
ceeded in immersing his nautilus to the depths of 
five, ten, and twenty-fivefeet, remaining under the 
surface of the water for an hour*. In another es- 

* " Daring this time they were in utter darloiesg. After* 
wards he descended with candlet*, bnt fbnnd a great disad- 
TaDtage frmn their consumption of vital air. He next fitted. 
Bear the bow of his boat, an apertnre, one inch and a half in 
diameter, with glass, and he round this admitted light suffi- 
oient to enable l>im to count the minutes on his watch. 
Finding he could descend to any depth, and rise to the sur- 
face with facility, hisAext object was to try her movements 
as well on the surface as beneath it. His boat had one mast, 
a mainsail, and jib. He weighed anchor and hoisted sail, 
(July^ 1801,) there was only a light breeze, and, therefore, 
she did not move on the surface at more than the rate of two 
miles an hour ; but it was found she would tack and steer, 
and sail on a wind, or before it, as well as any common sail- 
ing boat. He then struck her mast and sails, and perfectly 
to prepare the boat for plunging required about two minutes. 
Having plunged to a certain depth, he placed two men at the 
engine, which was intended to g^ve her progressive motion, 
and one at the helm, while he, with a barometer before him, 
governed the machine, which kept her balanced betweea 
ti^e upper aad lower waters. He found that with the ex- 
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perhnentyhe moved about the fiftbof a mile under 
water ; and in a subsequent one, accompanied by 
three other persons, by means of a globe, having 
about a foot of cubic capacity, and in which he 
had condensed air under a pressure of two hun- 
dred atmospheres, they remained under water for 
several hours *. 

Having acquired some practice in sub-marine 
navigation, he was allowed to demolish an old brig 
in Brest Harbour ; and during the same summer 
he anxiouslv sought to test his art on some English 
ships, which daily advanced to the Roads, when 
once, as he was on the point of attaching his '* in- 
fernal machine** to a man-of-war, *' it fortunately 
changed its position and escaped from the threat- 
ened annihilation. 

Bonaparte now turned a deaf ear to his appli- 
cations for further assistance, considering him to 
be a quack and a sharper, whose enterprises were 
only means to supply himself with money t* Ful- 

ertion of one hand only be could keep her at any depth he 
pleased ; the propeUinir engine was then pnt in motion, and 
on coming to the surface he had moved about five hundred 
yards ; he then again plunged, turned her round while under 
water, and returned to near the place he b«raa to^ move 
from : this he did several days successively. He found that 
the boat was as obedient to her helm under water, as any 
boat could be on the surface, and that the magnetic needle 
traversed as well in the one situation as in uie other.*'—- 
Colden, p. 84. 

* ** He descended to the depth of five feet ; at the evpiratioa 
of an hour and forty minutes he began to take small supplies 
of fure air from his reservoir, and he did so, as he founa oe- 
casion, for four hours and twenty minutes : he then came to 
the surface, without having experienced any inconvenience 
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ton, mow fortunate in hi» appropriatioiis^ har* 
ing made himself acquainted with Panommas be- 
fore leaving England, estabHshed thit first of that 
kind of eiLbibition at Paris ; in a pecuniary riew, 
this speculation more than anfswered his expecta- 
tions. 

It was during his journey from London to Paris, 
ttiat he was introduced to Doctor Cartwrightj 
then residing in the neighbourhood of Dover. 
The Doctor explained to him a mechanism to 
move vessels by steam, and he drew a plan of it, in 
the presence of some pf his family, which he pre- 
sented to Fulton, expressing his regret, that his 
circumstances at that time were not so favourable 
98 to enable him to be at the expense of making 
the experiment. The Doctor's idea was not 
forgotten, when, during the state of incertitude 
with regard Co his nautflus, FuHonr turned his at- 
tention to propelling boats by a steamrcngine. 

Soon after his arrival in Paris, Fulton had 
formed a friendship with Mr. Robert Livingstone, 
then minister from the United States to the Court 
of France. In their conversations, this gentleman 
communicated to Fulton his opinion on the im- 
|K>rtaBce of steam-boats to their common coun- 
tryj informed him of what had been attempted 
in America^ and his resolution to resunoe the pur- 
suit on his return, and advised Fulton to turn 
his mind to the subject. It was agreed between 
them to embark in the enterprise^ and imme- 
diately to make such experiments as would en« 
able them to determine how iar> in spite of former 
failures, the object was attainable ; and to Ful- 

leurs auteurs d*extravagans, on d*lmb£ciles, et aioutait, a T^ 
gard de Fnlton, que c«t Americain ^tait on charlatan, va 
eacroe qui voulait setQement attraper de ^a^gent."'-3fo«^ 
gerj/t p. 241, 



Um,s&y»itke CbanceUor^ was left the principal di- 
rection of the^e experiments. 

Among the schemes which Fulton thoagiit of^ 
but discarded, was that of Franklin, and those by 
Fitch; as well as Rumsey. By paddles and duck* 
feet oarsj he saw it was impossible to drive a boat 
six miles an hour^ and be thought it was to such 
defective applications of power, and not to « 
want of it in the engine, that all experimenti 
]]ad hitherto failed. 

Endless chains, with resisting boards upibii 
them as propellers, appeared to him greatly pre« 
ferable to any other method which had been 
tried ; and as he was desirous of proving their ef« 
feet by actual experiment, for which he wished 
for more retirement than the waters near Paris 
would afford, he accompanied Mrs. Barlow, who 
had been ordered by her physicians to Plom^ 
bieres ; an don a little rivj^iet, which runs through 
that villa^, he made a course of experiments 
with a set of models he had constructed for thB 
purpose: the results of these gave him strong as-> 
surancesof success. 

During 'the time Fulton was engaged in these 
experiments, a M. des Blancs, whose boat on tho 
Soane has already been noticed, deposited a modal 
of his apparatus in the Repository of Machines 
at Paris. In this he used a horizontal cylinder, by 
which endless chains, with resisting boards upon 
them, or what he called cbaplets, were to be 
worked from stem to stem alongside of the vessel* 
From Fulton's report of his experiments at 
Ploru bieres, ou models of his own invention, it 
was understood, says Livingstone, that he had de- 
veloped the true principles upon which steam- 
boats should be built, and for the want of know- 
ing which, all previous experiments had led to no 

8x8 
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Qseftil result But as many things^ which were ap- 
parently perfect when tried on'a small scale, bad 
tailed when practised ^n a laige one, they deter- 
mined to go to the expense of building an '' ope- 
rating boat " upon the Seine. 

During the construction of this vessel, Des 
Blancs called the public attention to Fulton's ope- 
rations as an invasion of his patent right,- ''and 
he also addressed a remonstrance to Fulton him- 
self on the subject. In reply the American ex- 
pMined, that his plan differed materially from 
Des Blancs% for his boat was to be propelled by 
wheels, not by chains. He also, at the same 
time, communicated to Des Blancs his own expe- 
riments with the chaplet mechanism and paddle 
wheels; and informed him, that the result de- 
cided him to adopt the latter. Fulton concluded 
by offering his rival a share in the advantages of 
the discovery which he had made, if he would 
bear his proportion of the expense. But no no- 
tice was taken of this offer, or even of the let- 
ter*. 

Livingstone and Fulton's experimental boat was 
completed early in the spring of I SOS — " And they 
were on the point of making an experiment with 
her, when one morning as Fulton was rising from 
a bed, in which anxiety had allowed him but 
little rest, a messenger from the boat, whose pre- 
cipitation and apparent consternation announced 
^at he was the bearer of sad tidings, presented 
himself to him, and exclaimed^-' Oh, sir, the 
boat has broken in pieces, and gone to the bot- 
tom ! '" — ^For the first time in his life he felt a vivid 
emotion of despondency, but this was only for a 
moment. On examination he found that the boat 

• CoUlen, p. 159. 



had b6«» ioo vcnUy f^Aoied to btftr the fpfiftt 
weight of tile machinery, aad in oonaeqoence of 
ao agitation by the wind on the preceding nigh^ 
vhat the meBseoger had represented had Uterally 
happened. By great esertionfl the paxti weoe 
raised from the bottom^ and the greater part of 
the boat was rebuilt Her length was aixty^fK 
feet, and her width eight feet Fulton's experi* 
ment drew a great concourse of spectators, in 
August, 180S; the wheels and other machinery 
acted according to his expectations, although her 
speed w«s not so gveat as he calculated upon her 
machinery producing *. Such entire confidence 

* *' Blasco de Garay, a sea captain, eihibited to the Em- 
peror and Kinr Charles V., in the year 1543, an engine by 
which ships and vessels of the largest size could be propelled 
even in a calm, without the aid ofoars or sails. ^ 

** Notwithstanding the opposifion which this project en- 
cotmtered, the Emperor resonred that an experiment should 
be made, as in fact it was, with success, in the harbour of 
Barcelona, on the 17th of June, 1543/* 

** Garay never publicly exposed the construction of his en- 
gine, but it was oDsenrea at the time of his experiment, that 
it consisted of a large caldron or vessel of boihng water, ani 
a moveable wheel attached to each side of the ship. 

" The experiment was made on a ship of 209 tons, arrived 
from Calibre, to discharge a cargo of wheat at Barcelona; 
it was called the Trinity, and the captain's name was Fetor 
de Scarza. 

** By order of Charles V. and the Prince Philip the Second, 
his son, there were present at the time, Henry de Toledo, the 
governor, Peter Cardona, the treasurer, Ravago, the vice- 
chancellor, Francis Gralla, and many other persons of rank, 
both Castilians and Catalonians ; ana among others, several 
sea captains witnessed the (operation, some in the Te«sa]« 
and ouers on the shore. 

" The Emperor and Prince, and others with them, applauded 
the enffine, and especially the expertness with which the ship 
could be tacked. The treasurer Ravago^ an enemy to ths 
project, said it would move two leajj^es in three houra. tt 
was very complicated and expensive, and exposed to the 
constant danger of bvsdng the boiler. The other commu- 
sioners affirmed, that the vessel could be tacked twice as 

2 t3 
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did.be and his awociate acoviie ffom this trial, 
that he writ instructions to Watt and JBfoltoi^ to 
nrepare a steam-engine for him, and which was to 
be sent to New Yoik, to which place he preparied 
to retain, in order to introduce his invention on 
the American watem* ; and soon afterwards Liv- 
ingstone succeeded, by means of his friends at 
New Yolk, in having his privilege of navigating 
all the waters of that State by steam, which had 

gnick as a gslley^* Mxved by the common method, and that at 
tts slowest icste it would move a leMue in an honr. 

** The exhibition being finished, uaray took from the ship 
his enrine, and having deposited Uie wood work in the arse- 
nal of liarcelona, kept the rest to himself. 

** Notwithstanding the difficulties and opposition thrown in 
the way by Ravago, the invention was approved ; and if the 
eitpedition in which Charles Y. was then engaged, had not 
failed, it woiUd undoubtedly have been favoured by him. 
As it was, he raised Garay to a higher station, gave him a 
suQi of money (200,000 maravedies) as a present, ordered all 
the expenses ot the experiment to lie paid out of the general 
treasury, and conferred upon him other rewards. 

** Snch are the facts collected from the original registers 
preserved in the Royal archives at Samancas, and among 
the public papers of Catalonia, and those of the Secretary at 
War, for the year 1643." 

This remarkable statement appears as a note in the first 




to, the author, in a letter from Thomas Gonzales, dated at 
Salamanca, S7th August, 18S5; and it wonld^ seem he had 
recently consulted the public records to which he refers. 
The editor of the Franklin JoumcU^ from whom this extract 
has been made, observes, ** when the * Public Records* 
shall appear in an attthentic /orm, their evidence must be 
admitted ; until then he should not be inclined to commence 
the history of the invention of the steam*boat, so far back 
as 1643. For circumstantial as the account is, it seems to 
have been written since the days of Fulton.'* ' 

* ** It is said, that the shore of the Mississippi, and of iht 
riven' which flow into it that are navigable for steam*boat8, 
are equal to an eztesrt of fifty thousand miles/' 
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beoome obsolete) le-granted to FaUon and him- 
self, for a period of twenty years. • 

FultoD, whose nautilus luid never risen fairly to 
the 8UTface,found means of communicating his ex* 
periments to the Earl of Stanhope; and coming to 
England, through his lordship's influence, FultoOy 
received permission from the government to turn 
the scheme Bonaparte so much despised, against 
himself. Fulton was sent to the fleet stationed off 
Boulogne, and had there an opportunity of making 
an experiment on two French gun-boats, but. the 
nautilus exploding before the proper time, did 
not even frighten those whom it was sent to de- 
stroy. Although the impression against the 
scheme was decisive, yet, by the influence of his 
noble patron, he was permitted, a fortnight after* 
wards, to make another experiment on an old ves- 
sel lying in Walmer Roads," and with the assist- 
ance of Sic Home Popham, and two boats' crews, 
succeeded) after an unresisted attack of two days, in 
blowing up this poor old carcass *." 

This failure again left him at leisure to attend 
to his steam-boat project, for which Bolton and 
Watt had nearly constructed an engine on their 
peculiar principle, but with some modifications to 
adapt it to propel a vessel ; during its progress, he 
visited Scotland, and inspected Symington's steam- 
boat on the Forth and Clyde Canal. 

Fulton remained in England until October; 
and, on his arrival at New York, in . Decem- 
ber, 1806, he commenced his operations to per- 
fect his torpedoes, or submarine bombs, and io 
build his steam-boat ; but finding, when erecting 
her, that the expenses would greatly exceed his 

* On our side of the water, mechanics bad not been idle ; 
for Lord Stanhope had iQvented a stibniarine machine to 4e* 
stxoytheaaatilasil 
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caledatioii^ii* endflttvoaied to lesteit th« pmstire 
on his finaDces, by offering a thiid share of hia 
eKelofliTe rights to navigate ateam-boatB in the State 
of New Yoik, to Bome individiukls, for a propor- 
tionate coDtribution to the expense of thi« ezperi- 
iMent ; but he found no one willifig to aid him in 
this enterpriae. 

in the spring of 1807, notwithstanding the pe- 
cuniary and nie<^anical obstacles opposed to his 
project, Fukon had completed the Tessei, and it 
was soon after huomcbed on the East River. The 
engine which bad been sent from Watt "and Bol- 
ton, by this time had arrived, and with ^e as- 
sistonoe tA the working engineers, who had ac« 
oompanied it from Soho, it was fixed in the boat ; 
aad in August, 1607, Fulton had the satisfaction 
ef seeing this -celebrated vessel moved by her 
mau:hinery from her birth-place to the Jersey shore. 
On this occasion Livingstone and Fulton had in- 
vited many of their friends to attend the first trial; 
'' and nothing," says Golden, '< could exceed the 
surprise and admimtion of all who witnessed the 
experiment. The minds of the most incredulous 
were changed in a few minute»*-*before the boat 
had made the progress of a quarter of a mile, the 
gseatest unbeliever must have been converted. 
The man, who, while he looked on the expensive 
machine, thanked his stars that he had more 
wisdom than to waste his money on such idle 
schemes, changed the expression of his features 
as the boat moved from the wharf and gained her 
speed: bis complacent smile gradually stiffened 
iato an expression of wonder«-<the jeers of the ig« 
■oiant, who had neiUier sense nor feeling enou^ 
to repress their contemptuous ridicule and rude 
jokes, were silenced for the moment by a vulgar 
astonishment, which deprived them of. the power 
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of uttennce, till the trimnph of Genius extorted 
from the ibcTedulous multitade, iirhich crowded 
the shores, shouts and acclamations of congratu- 
lations and appl&use." Though her performance 
far exceeded the expectations of his friends, Ful- 
ton' perceived that there was an error in the con- 
fltruction of her water-wheels— he lessened their 
diameter, so that they did not dip so deep into 
the water^ and it was manifest that the alteration 
had tended to increase the speed. 

*' This famed vessel, which was named the 
Clermont, soon after sailed for Albany ; and, on 
her first voyage, arrived at her destination without 
any accident: She excited the astonishment of 
the inhabitants of the shores of the Hudson, many 
of whom had not heard even of an engine, much 
less of a steam-boat. There were many descrip- 
tions of the effects of her first appearance upon 
the people of the banks of the river.. Some of 
them were ridiculous, but some of them were of 
such a character as nothing but an object of real 
grandeur could have excited. She was described 
by some, who had indistinctly seen her passing 
in the night, to those who had not a view oif 
her, as a monster moving on the waters, defying 
the winds and tide, and breathing flames and 
smoke." 

*' She had the most terrific appearance from 
other vessels, which were navigating the river 
when she was making her passage. The first 
steam-boats, as others yet do, used dry pine wood 
for fuel, which sends forth a column of ignited va- 
pour, many feet above the flue, and whenever the 
Are is stirred, a galaxy of sparks fly off, which in 
the night have an airy, brilliant, and beautiful 
appearance. This uncommon light first attracted 
the attention of tb« crews of otfier vessels. Not- 
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WillMlMdiaff tht wind «Bd tide wei* adv«iM to it« 
•pproad), they saw with asfcoiMBhment that it w«« 
rapidly <:oiBii^ towards them; and when it came 
•o near, ai thkt the noise of the machinery and 
the paddles were heard, the crew*, in some in** 
stances^ shrunk beaiealh their decks from the ter- 
rific sigibt ; and others left their vessels to go on 
shore, while others prostmted themselves, and be- 
sought Providence to protect them from the ap« 
proach of the horrible monster which was march* 
log on the tides, and lighting its path by the tires 
which it vomited *.*' 

In this first voyage the distance run was about 
one hundred and fifty miles, which was accom- 
plished in thirty-two hoars, giving a speed of 
about five miles an hour. The voyage back wa^ 
made in the same time ; and both goiag and re- 
turning, the wind (a light breeze) being a* head, the 
whole was performed by the steam-eogine and 
wheels* The voyagers overtook many sloops and 
schooners beating to windward, and parted with 
them as if they bad been at anchor. 

This triumphant experiment established Ful- 
ton's r^utation ; and, soon after, this fine vessel 
plied between New York and Albany, as a pas- 
sage-boat, and her success raised Fulton to a 
well-merited independence. 

'* It would have been an extmordinary circum- 
stanceaf her machinery had been like the men of 
Cadmas» perfect at its birth ; and it would have 
been quite as extraordinary, if its effects could 
not have been produced by an arrangement or 
combination of its parts, not precisely that adopted 
by Fulton t." 

• Colden, p. 173. 

t The dlmensioiiB of the Ckesuont wer« — let^h of boat, 
1^ ftst;. depth, 7 fast; bossdtb, ISfoet. The boiler was 
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¥et tbe men who lefosed te shaieio fait ehaseef 
of gain, when he offefed them for sale^ were 
greedy of his profits, and envions of hia fame, 
sifter he had estabtiflhed, by. an expcrinent of an 
immense co«t» the praeticability of the iavention^ 
amd seizingr upon some obvtoue and trivial de** 
fects, for which they proposed a remedy, or iog;^ 
gested some digbt rarialions in the arrangement 
of the machinery, on thejie groends contested hia 
right as an inventor, and pot forth claims to a 
iliare in his hard-earned emolaments. Another 
source of annoyance arose fn»D the prejndicea 
of (hose who considered the introduction of 
steam -boats oo the American waters destrue^ 
tive to the interests of the common navigators z 
by these Fulton was apoken of as if he had in- 
troduced some project baneful to society ; and 
the Clermont became the object towards which 
their hostility was directed. She was often inten- 
tionally run ftuil off to produce damage ; and thia 
spirit of hostility had shown itself so openly, that 
the Legislature passed a law to pi^nisb, by fine 
and iffiprieonmeBt, all those who made wilful 
attempts to destroy her *. But notwithstanding^ 

20 feet losg, 7 fett deep, and 9 feet htotA, Tke wtmmeyliwr 
d»r 2 feet in dismeter ; and the -piston made a stroke of 4^ 
feet. The diameter of the water-wheels was 15 feet* the 
backet 4 feet long', and dipped 2 feet into the water. Th« 
bnrden 1^0 tons. Built 1806. 

The Cab ov Nevtukx, bnilt in 1807. earryinir 295 tOM, 
wan 175 feet long, 8 feet deep* and 24 feet wider. The 
Iwler 18 feet lone, 8 feet deep, 9 feet broad. Steam-cytin^ 
derZ3 inches In diameter: the piBton had a stroke of H 
inches ; the water-wheels 14 feet in diameter ; 4 feet long 
buekets, which were iaimersed 2 feet 4 inches in water. 

• The Legislatnreof New York were so fall? convinced of 
the ereat ntility of the invention, and of tse inttfrest th« 
irabnc had in its encourftfenient, that they made a new contmet 
O0ii9).witli Litingtrtone aa^ F^toa, by whiek iM Um 
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tbeie demonsCratioDfl of aninuMity, the confidence 
of the pablic in her performances was increasing^^ 
and the Clermont continued to run, loaded with 
passengers^ for the remainder of the summer. 
To provide accommodation for an anticipated in- 
crease of voyagers, she was enlarged in her dimen- 
sions in the winter of 1808. 

Fulton again renewed his experiments with his 
nautilus and torpedoes, but the opinion of his 
countrymen was as decidedly against them, as that 
of those persons who had witnessed his trials in 
France and England. 

Divesting his labours, of all the claim he 
makes for them, of being undertaken with a pa- 
triotic motive, when compared with his country^ 
man Oliver Evans, a labourer also in the same 
vineyard, he falls greatly below him in practical 
knowledge, as well as in the power of invention. 
There was great perseverance in both. Neither 
hesitated to talk of themselves and their works, in 
terms which had been used in a better taste by 
their Iriends or admirers. But Evans, viewed as 
one whose ingenuity will probably be less con- 
sidered than the success of his enterprising con- 
temporary, had a sturdy ingenuousness, which 
it was one of the greatest blemishes in Fulton's 
character that he did not possess. But yet Ful- 
ton's merit is still of no ordinary kind. Under 
circumstances where others had given way to 
despondency, and had sunk under their repeated 
failures, he persevered in experiment until he 
produced a successful result ; and the splendid 

(origmalljr twenty yean from 1807) of their exclusive ri^ht 
to t£e profit of all steam-boats on this peculiar plan, which 
should navigate the waters of that State, should be ex- 
tended five years for every additional boat they should 
baild, provided (he vhxAo term did not-exceed thirty years. 
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effects which have ariaen from his practical intro* 
duction of steam-nayigation has given him a well- 
merited claim to rank foremost with those whose 
enterprise has conferred a lasting benefit on his 
country. 

It is not clear whether it was after the erection 
of this vessel; that Fulton had some correspond- 
ence on the subject of steam- boats, with an indivi- 
dual whom we have already mentioned with appro- 
bation. ^' Fulton/* says Mr. Bell, ** had occasion 
to write to me about some plans of machinery in 
this country^ and begged the favour of me to call on 
Mr. Miller of Dalswinton, and see how he had 
succeeded in his steam-boat scheme ; and if it an- 
swered the end, I was to send him a drawing and 
full description of it, along with my machinery. 
This led me to have a conversation with Mr. 
Miller, and he gave me every information I could 
wish for at the time. I told him where, in my 
opinion, he had erred, or was misled by his engi- 
neer, end at the same time, I told him that I in- 
tended to give Fulton my opinion on steam-boats. 
Two years thereafter, I had a letter from Fulton, 
letting me know that he had constructed a steam- 
boat, from the different drawings of machinery 
that I had sent out, which was likely to answer 
the end, but required some improvement upon 
it •." 

Rumsey's plan of propelling a vessel by means 
of the re-action of a stream of water t> was again 

* Caledonian Mercury^ 1816. 

f " Mr. Watt informed Buchanan that he tried a pamp 
similar to liaaker's, to propel a vessel for Ramsey, but its 
effect in moving a boat was very small. Watt, however, 
justly observed, that Ramsey applied the power to great dis- 
advantage, because he forced the water through a very small 

2 u 
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tb« flttbject of experinMiit by Mr. Williani 
Lintber, matter ^ipwiight in PoTtsmouth Do«k* 
yard.- Prom som«! memoraiicluiiis, found among his 
papen after bit death, it appears that a» early ai 
1798, he had made a set of experiments on pro^ 
peHiof a ressel by machinery, bui it was not until 
1808 that he applied for a patent Linaker had 
two plans, one was to work pistons horiaontalfy, 
in pumps drawing water in at the bow, and dis>- 
chaifing it at the stern of the vessel .' the other 
was fo work a vertical pnmp in the mfddle of the 
wsfle), also drawing ti^s water in at tb« bow, and 
expelling it at the stern. This idea he proceeded 
to pat into practice on a scale of softie magnitude, 
ffOd bad a steam-engine constructed by Murray and 
Wood. '^ B«t, I am uncertain,*' says Buchanan^ 
^ whether he lived to try it on boatd his boat." 
WticrD the second plan was tried, the motion df 
the vessel was for from being uniform, and it 
went by jerks at each stroke of the pnmp; this 
irregularity Buchanan thought might have been 
leBiedted by attaching air-vessels to the pomps, 
and the stream of water would, by their aid, have 
been made continuous. It wa» the opinion of the 
same eicellent mechanic, that if Uie pumping 

]»pe, and that the pipe AovM ksTO beea as large as tike 
pump barrel." 

" From one of Linaker*g papers without a date, it would 
appear; that he had tried a heat on this plan. It irfts a 
heavy boat, 31 feet long, 6 feet wide ; and althovgh it had Imt 
one trunk, which was much against the nniformity of its 
motion, it moved nearly 4 miles an hour, with 8 men working 
30 strokes per minute ; 6 men working ^ strokes per minute, 
moTtd it at the rate of 3 miles an hour; the length of the 
bucket stroke was e feet, inside of trunk 5 hiches by 15 
inches : when the valve was open, the water passage was very 
Aree, the metal being cast thin ; the trunk had its sides 
parallel from end to end.** Bvcbak an on Steam-Bo^t p. W. 
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principle vae aa effective as paddle wheela, it 
vouhl be a pteferable mode in rough water. 

After LiDokei's death, a partial but imperfect 
trial of a similar apparatui nas made on the 
Thamei. Tbe Bteam-engine had no piiton, but 
diew io tiie nater, and expelled it on the prin- 
ciple of Savery'i engine j an application, by the 
va;, of thi> form of machine which of all othen 
appears tbe most injudicious. 



CHAPTER TWENTY-THREE. 
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** lOICB iKTSirromS OO TBINK it KSCStSABT TO KKEP 
THSIS DI80OTIEIX8 VKBT SKOKT, YOB FKAB OTHEB FVOPLX 
IlflTAf INO THKIf SBOULB KBABX IN TBXU PBOFITS. THIS 
FAL8K OPIiriON HATH BEBXATXD THK WORLD OF SXVKBAL 
GOOD SXCBKT8» AND THX INVXNT0B9 HAVX ALSO BXXN DX- 
PBIVKD OF ALL THKIX PB0FIT8, BXCAUBX THXT WXBX 
AFBAID TO LOSK A PABT OF THXM ."— Pojn'll. 



Iw the TBiielj ot attempts, nhich have been de- 
■cribed,(o conitnictaaleain.wbeel.aiid severalor 
tbem made on a Kale of ma^itude, eveo thora 
which promiaed considerable adrantage over le- 
ciprocating: eoj^ipea were ^adnallj abandoned bjr 
Iheic anthori, and lecDurie was had to machine* 
OD the usual model. It is not, however,qnite cleaT, 
whether these repeated Tulurei aroae from a want 
of perseTerance on the part of their JnveDton, in 
rnuteringi probablj, some nicetiei of conUiuc- 
tion which were essential to their action, and 
which persevnance in experiment could alone 
discoveiand remove; or whetbeihilure might be 
ITaeed to the adoption of a favonrile but defec- 
tire form. 

In the earlier attempts, it Is qnite pouible to 
conceire that the fibrous nature of tbe material 
employed to make the piston itesm-tifht, would, 
nnder many eireanutances, render anv attempt 
to prodoGC ft rotar; engiaa abortive ; (or in Ae 
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revolution of the piston, the packing would in- 
follibly be torn out of its position, and thus 
destroy the trim of the engine. But after Cart- 
Wright had proposed his metallic packing, this 
objection wiis in part removed* The *' abutment 
valves" also, as they are called, were in almost all 
the projects formed like hinges, and no attention 
appears to have been paid, except by Bramah, to 
assist their action^ or to make it more gradual by 
means of springs : the effect of the vibrations of 
the parts, in increasing the difficulty of making 
them steam<4ight, does not yet appear to have 
been noticed by any one. 

A steam- wheel, on a peculiar construction, was 
tried at Soho, about 1806. ** A remarkable inci- 
dent/' says its author, ^ occurred on that oc- 
casion. Whilst the engine was at work, Mr. Bol- 
ton wM called out of the room; on his retun 
ke informed me, that he had been requested by 
an American gentleman, to give his- advice on 
the same invention, and that one of us must hav^ 
bonrowed it from the other. This, however, 
fiioved not to be the case; aod 4>n a more 
j&inate examination, there appeared a consi- 
derable differenoe in the mode of copstructii^ 
the American .engine> which was, I think, the be^t 
ofthfitwo, if used with water only. These «n«- 
^inesare^K) simple in principle, and so cl^ijeap 
aad dusafolej that on many, occasions the anonyr 
moQs inventor thinks the^ might be ap^plied with 
gieat advantage* The power of them is derived 
from the tendency of light bodies to float whe|i 
immersed in heavy fluids, or^ to speak more cor- 
iMtly) of the heavy fluids to displace them." 
, The wheel shown in the figure is placed in heated 
aaeicttiy, 4»ff a flMxture of eight parts of bismuth, 
i&re ol loady and tbxpe f»f tin, wbieJ|» if Huid At^tta 
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temperatare of 2 1^ ; each of the cells, a, 6, Ac. in 
the series, into -which the circumfeieDce of the 
wheel is divided, is copnected by a pipe 1, 8, &c. 
which radiating to the centre terminates in the 
nave e. -The' stieam pipe/, which has a perfora- 
tion g^ is inserted into this hollow nave, and the 
wheel turns upon it as an axle ; in its revolution 
each of the radiating pipes comes opposite the per* 
foration in the steam-pipe, and the cell with which 
it communicates is then at the lowest part of the 
circumference : the vapour forces the fluid metal 
out of the cell through the perforation or valve t, 
and the preponderance of the cells on the opposite 
portion of the circumference raises the cell filled 
with vapour, and brings another filled with the 
metal opposite to the perforation in the steam- 
pipe, — as each cell approaches the highest point 
in the path of its revolution, the steam escapes 
into the space above the fluid; '' and where the 
expansive force only is used, the steam escapes 
from the top through A ,* but if this be connected 
with a condenser and air-pumps, as usual, the full 
power will be obtained with the metallic fluids. 
Each, cubic foot of steam when moving in water 
will give sixty pounds in power; in the metallic 
mixture about six hundred pounds, and the velo- 
city with which this supply can be afforded, and 
the height it can rise, will give the remaining ele- 
ments for calculating the power of the engine. 
" The metallic mixture is subject to oxidation by 
the hot water, but it may be easily restored again, 
by melting the oxide under tallow. When the 
water only is used, the whole machine may be 
made of wood, in the form of a common bucket 
water-wheel : a steam-pipe is introduced through 
the' bottom of the trough, just under the side of 
the wheel, where the buckets are inverted when 



tbey bebome ftiM vith steam !n taooet^oii/.«Bd 
Aus • •tream of iteani effect! as moch, buik for 
balky as a itream of water*:" this was Uie fotm 
of the American eng^iiie. 

Mr. Henrjr Maadslay directed his attention 
more to the combination of a portable and com* 
paot machine, than to the introduction of any no- 
rtiXy in the application of a principle, or in con 
stmctioia ; and he succeeded in producing an eo« 
gine, combining^ much eleg^ance with extnuMtli* 
nary compactness, and without any sacrifice of 
power in the attainment of these advantages. 

The many previous failures did not discourage 
Mead from attempting a new form of a steam- 
wheel; resembling Homblower's in the pistons 
becoming alternately abutment ralres, but which 
are brought to rest and fixed by a mechanism on the 
outside di the steam ring. 

In the engraving marked Mb ad, fiff. 1, is a 
vertical section of the apparatus ; and fi(f, S is a 
horizontal view of it ; a, b, ate the two j^stons 
attached to the axles i, d, by the &it rings e, f, 
g^ h, levers, and t, k, friction wheels moving in a 
grooved frame I, m, fixed on the fly*wheel nj steam 
is admitted into the hollow ring, in which the pis- 
tons move by an opening in its circumference ,* and 
l^y a similar opening a communication is formed 
with a condenser, or with the air. The axis of 
the engine is ]^ced excentric with the axis of the 
fly-wheel; when the wheel to which tlie g^roove 
is fixed is turned halfway round, one of the fric- 
tioa wheels, being laced in its axis, will remain 
passive ; or be loosed, and the valve to which it 
is attached will thus be the abutment valve, while 
the other friction wheel, with its lever and pis« 

• iUsc*. JTs^n vol in p. 187. 



^n fttlttehdd to it, will mtke a revt>tatkiii round 
the centre of its motion ^ and when the levolotioa 
is completed, it will be nearly in the centre of the 
groove in the fly-wheely and will then be locked^ 
when its pitton will become the abutment valve i 
at this moment the friction wheel, which had beea 
locked, is dis^igaged, and moving towards the 
ciTcninfeTence, the piston attached to it will maka 
a complete revolution round its centre of mo* 
tion ; and at the instant it has done, so it will ba 
locked in its turn, and the other pieton will begin 
its revolution, and its friction wheel move towards 
the circumference, and so on. 

Mead made some engines on this principle, 
but their fate did not vary from those which had 
preceded them. The great friction of the cir- 
cular plates by which the pistons were attached 
to the axle, and their consequent weav, was, in 
practice, a bar to this apparatus becoming ge^ 
nerally useful. It is inferior to Hoinblower's in 
the circumstance of the piston moving over the 
perforations made for the steam and coadeafiet 
pipes, but it excels the model in the means for 
making one of Uie pistons alternately become the 
abutment ; and also in the vapour acting on the 
piston at a distance from the centre of motion z 
but. ingenious as it is, it yields to that designed 
by Mr. Samuel Clegg, in simplicity and porta* 
bility. Taken as a whole, Clegg's may be con* 
sidered as one of the nrast ingenious combina^ 
tiona which has been produced for this purpose^ 
and although it has not been received into practice, 
it must be ranked as one of the most elegant ma- 
chines of the period. It is to be regretted that 
its author, like many oth^s, has been deterred 
from, peraevering to give it the modifications a^ 
MSHvy to itf peifa6ti«B> hj tha gnefti expaAse of 
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experimental trials. The rotary part is sbowo in 
fig. 1, (eDgTaving marked Cleqg) which is a view 
of the under side of the top plate of the steam 
chamber, supposing the under plate were removed, 
and looking upwards. Fig. 2, a section of the 
complete apparatus ^ the same letters refer to the 
same parts in both figures : a, a, a, are blocks of 
segments formed of the breadth, and fitted into a 
groove b, b, but of a somewhat less depth ; their 
sides are ground flat and plain so as to make them 
fit and be air tight, or nearly so, and their under 
sur&ces are made to form one complete flat snrfece^ 
excepting a space taken up by adjusting screws or 
springs, but which are placed so far below the 
surface, as to let a roller pass clear of them : the 
bar or radius c, of any convenient breadth, but not 
more in thickness than will be necessary for its 
strength when it moves with freedom in the inter- 
val between the under side of the blocks and the 
plate d. To this bar is attached a roller e, which, 
when it is in motion, precedes it, having its upper 
surface so much higher than the upper surface of 
the radius, that it presses upwards against each 
block in succession, to raise them, and permit 
the radius to pass beneath it ; and in order to make 
this raising easy and gradual, a part of the lower 
face of each block is rounded in the manner shown 
in fig. 3; the piston is fixed at the end of the 
radius arid move» in a semicircular ring ; and 
the abutment valve g, moves on a hinge, and is 
pressed upwards into the recess by the passage 
of the piston over it. When steam is therefore 
introduced by an aperture near h, the piston will 
recede from the elastic pressure, and the air on 
the opposite side of the piston will pass through 
the spaces t, i, and during this movement, the 
segments being in fiaijr bearing everywhere vpon 
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^, (ex<tept when laiied by the roller c,) will keep 
the space tight and well closed ; as sood as the 
piston approaches the abutment yalve, it forces it 
upwards into the recess^ and during this interval 
the rotary motion is kept up by the momentum of 
a fly wheel. After the piston has passed the valve 
it falls by its own gravity into its former positioo^ 
and again acts to divide the steam from the atmos- 
phere, and the steam which had urged the pistos 
will escape by the opening. £ach block or seg- 
ment is of sufficient magnitude to counteract the 
pressure on that part of its under surface whick 
is over the piston chamber. The space, says the 
inventor> through which a piston of a steam engine 
will generally revolve, will be about twenty feet, 
and the weight of the series of segments about 
live hundred pounds ; the flat facing on which the 
blocks are ground is about three inches broad. 

In the flgures, the piston is supposed to be 
moved by high-pressure steam against the pressure 
of the atmosphere. In a third design a rotary 
movement was attached to a condenser ; and here 
may be observed some ideas, estimable for their 
novelty and elegance. . The rod forming the axis 
of the piston bar is prolonged downwards, and 
has an inclined spiral plane attached to it. The 
rod of the air pump is a hollow tube, having a 
cross bar with a wheel at each end. As the piston 
revolves, the inclined spiral {Hane which is attached 
to its rod in its revolution acta on the wheels on 
the cross bar, and moves the valves and also tha 
air pomp piston upwards and downwards. The 
injection water is made to fall from the upper 
aide of the blocka? and the hot water is pumped 
into the well. Clegg erected some of these 
engines on a large scale $ the objection we believe 
vlii^ opemted against theic intfgdttction was 

2x 
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ihe grttX liabiKty of Che tbatmeni val?e to get out 
of order. 

Hitherto Bolton has been eihibited a« a co* 
labourer with Watt, in the fabricattoo oi coo* 
densing engines; bat, althoagh circumstance« 
nade that the moet prominent, it was not the 
only one, nor even tl'ie greatest, of his speculations* 
Long before Watt was known to him his speci- 
mens of inlaid steel were anrivalled for their 
elegance and beauty, and his ornaments in gold* 
in silver, and in enamels, were admired through* 
out Europe. Seeking for a power to actuate the 
Machines by which these splendid thiogs weie 
tnade, drew, as we have seen, his attention to 
Watt and his invention. Aitervaids when bis 
mecbeDism bad been perfected, Bolton employed 
it to move presses for coining provincial tokens* 
when that kind of money was permitted to be eir* 
eulated in England. He also struck gokl and 
«lv«r ooia for the Russien nation ; silver money 
lor the colony of Sierra Leone ; copper coiii for 
the meivbam^cings of India; and money of tbe 
same material for '^ the king of those kings — th« 
king of lihe sea." When .regal pride required 
Che symbols of sovereign power to be formed 
in a national establishuMnt — ^still Bolton, the in 
•ompatable work» in metaJ, continued to coiqi 
%he money of gotd, of silver, and of copper : for 
tiw machines in the royal mints, were not only 
formed after the model of those with whic^li bo 
Imd operated, bat they were constructed in every 
part at &o4io, and put tc^ther and afterward* 
•aperisfteiided by engineers sent from that estab- 
Hshofieiiu A complete and powerful ooinia^^ 
upparatas was erected for the Empress Ca^erine 
«t St. PetembuTgh : another foa: the *' amnesty o£ 
Oaiiawdc^' «t CppaahBgnn^ and a ikixd » tka 



EiigHih faiifit-Mi fourth at thii lime was in pio« 
g^rets for tkie Emperor of Bmzil. By these sei/» 
actmg coining machines the ingots were lamiDated. 
the plates cut ibto pieces of the proper size— and 
placed uoder the dieiy and with the assistaooa 
of a HUle boy only, eighty beautiful specimens 
of the medallic att were produced from each 
mould in a minute. During the entire progress 
of the operation, all possibility of embezzlement 
by the workmen was prevented, and a fruitful 
source df crime was also ex,tiaguislied in thoi* 
countries where the money was circulated $ from 
the admirable means employed in its fabrication^ 
a piece could not be imitated by a single artist for 
its current valoei and without similar machinery 
there were parts, which ihe most expert coiner 
eontd not imitate at all. In former money, the 
genuineness of the specimen could be estimated 
by its weight only when an inspection satisfied us 
that the metal was of the standard purity. Hera 
was a wide and fatal field, inriting the practicea 
of iofotnated men ; they alloyed the metal, and by 
making the counterfeit have the same weight and 
Appearance^ their deception was perfect* For the 
first time in the history of numismatics^ Bolton 
applied another test to money i even if the metal of 
which a coin was composed had been taken from 
the same ingot, and was of the same weight, un* 
less the piece could be passed through a perfora* 
tion of a certain size, it had not received its im« 
press from Bolton. These coinages and mintf 
were, however^ oiftly soole df his ia<iidental manu- 
fitetures, undertaken without disturbing the routina 
df bis establishment in its staple and more im-* 
portant productions* The cost of the steel trinketst 
and buttons only, made at Soho, was probably 
Mad in vaiua io all .the eoin, and minU, aa4 

9X9 
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feteam-eDgines sent from it. Some of Bolton's toys 
of iron far surpasfled in value those formed of 
gold and silver. 

The magnitude of the scale on which he traded, 
although it might excite the cupidity and envy of 
rivals was of subordinate importance to the pub- 
lic, when compared with the influence which his 
modes of business, and his incessant exertions, 
and disregard of expense in attaining the art oC 
giving the utmost beauty to his productions, iiad 
in stimulating his contemporaries to follow him 
at what distance they could. In this pursuit of 
perfection on the one hand, and the endeavour at 
imitation on the other, the trade in metallic and 
enamelled ornaments underwent a complete revo- 
lution : from an importing country in the more 
expensive articles, England became an exporting 
one, and that under circumstances most flattering 
to Bolton's exertion and ingenuity : long after hia 
productions had been brought to great perfection 
the whim of English trinket buyers could be 
gratified with foreign baubles only. Bolton, who 
always managed these matters with address, on 
the present occasion showed do falling off in his 
knowledge of business and of the world ; articles 
adapted to this squeamishly refined taste were 
sent from Soho to the continent, whence they re- 
turned to England as the handiworks of foreign 
artists, in finish and in form so exquisite, as to be 
quite unapproachable, by plodding clumsy Eng- 
lish artisans. 

The machinery which performed all these 
wonders was, in itself, still more wonderful; even 
in the moulding and polishing of a watch chain, 
or a buckle, machines were put in action of the 
most complicated and ingenious . contrivance. 
And, although, it caimot be said that all th^ 



apparatai which formed the ma^i^al diii^ay «t 
Sono was iiiTeiited by Bolton, or even designed M 
drst for his purposes, yet his was the knowledf^ 
tb direct its appropriatioo,-~*the skill to decide 
on its modifications, and the ingenuity to devise 
the links for its application in an effieient manner 
— surely the wish and endeavour to surroond hira* 
self with a galaxy of ingeiiious men, to direct and 
assist him in his -labour^ was in itself an honour- 
able ambition, and sprung from true greatness of 
mindy-^ven keeping the musificettce with which 
he remunerated them, and the candour with which 
he acknowledged their assistance^ altogether oat 
of the question. 

With regard to Watt, Bolton was in truth his pro- 
tecting angel. But who that ever waa connected 
with the master of Soho, could say, foftofie. passed 
by while he faultered midway from fear or languor i 
Even after success had produced confidence in his 
own powers, Watt never evinced that eftergy of pur- 
pose and love of business which could have eat- 
ried him beyond (he first steps in the race towards 
the goal of iionour, where his colleague left him. 
The supine and amiable author of the condensing 
engine showed none of that decision of character 
which could have justified ati observer pointing 
him out as one likely to form an exception to 
the melancholy list of men of genius, who ap- 
pear to adom and benefit society, and to become 
victims to its neglect, ingratitude, or injustice. 
Watt himself was sensible of the peculiarities 
of his temperament when bearing testtftiOnir to 
the virtues and talents of the princely fioitoti. 
*' Our friendship," says he, " continued to the 
close of his life. As a memorial due to that 
friendship,! avail myself Of probably a last pabUc 
oppottiifiity of staiitig, thai t« hia friand^r aacou« 
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ragfement, to his partiality for scientific improve** 
ments, and his ready application of them to the 
processes of art, to his intimate knowledge of 
business and manufactures, and to his exalted 
views, and liberal spirit of enterprise, must in a 
great measure be ascribed whatsoever success has 
attended my exertions." 

' The lassitude of a lingering disease had no 
effect in depressing the active habits of Bolton's 
blind, and he continued in his declining age to 
direct the varied and complicated operations at 
Soho. At length nature, which for years had been 
sinking, fell apace, and in August f809, his mag* 
nificent spirit was quenched in death* His body 
was borne to its tomb, in Handsworth church, by 
six of his eldest workmen, and six hundred of his 
artisans formed the train of mourners for their 
friend and master. 

Mr. William Chapman's steam-wheel is an 
improvement on Cooke's, and supplies some parts 
in which his was very deficient ; a division be« 
tween the condenser and the steam can be made 
by the stop or abutment a, and this can be tight- 
ened at pleasure from the outside, by means of a 
screw c, the valves are shut as they approach the 
abutment d, by a roller. " In the experimental 
engine erected at an iron work, the joints could 
not be kept steam tight, and the strokes of the 
hinged valves against the roller, were likened to 
those proceeding from a tilt hammer *.'* A second 
and a larger engine was given up for the same 
reason. 

The next project differs from all previous ones, 
in actually producing a rotary movement, by 
making the common reciprocating engines (ar- 
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miigeA round an axia^form a regulating bofdy m* 
tftead of a fly wheel* by weighU alternately drawn 
to and driven from a centre, round which> a working 
ey Under or cylinden revolved ; weights attached to 
the piston rod or rods, were drawn as near aa 
poiisible to the centre on the ascendiug side, and 
projected outwards as &r as possible from the axis 
on the descending side. Witty, in a second scheme» 
dispensed with these weights, and made thc^ piston 
impel the machinery round while its own motion 
was both rectilineal and rotary. The most prac« 
tical of his schemes for this purpose, is a clever 
adaptation of Mead's method, by which he en* 
gaged and then disengaged his pistons, by their 
axes .moving in an inflexible groove. 
' Woolfe, some of whose improvements have al-* 
.xeady been described, suggested, that in many 
cases his first mechanism could be improved by 
using a working cylinder(similar to Papin's) having 
.no bottom, which he would surround with a se- 
cond cylinder, and fill the space between with oil. 
His scheme for tightening the packing of steam 
pistons, without removing the cover of the cylin* 
der, is one of great practical value. 
^ The scheme of Mr. William Onions, of Bristol, 
singular from its novelty, was a hollow ring 
moving on an axis, connected by hollow arms or 
spokes with passages leading into the boiler, or 
condenser. A metallic composition of bismuth, 
mercury, and lead, fusible at the temperature of 
boiling water, was forced by the vapour up 
one side of a wheel, in order to produce a pre- 
ponderance over the other, on the principle 
of Amonton*s wheel. The periphery of the wheel 
had two valves within it at opposite sides, but 
opening in the same direction, and the steam 
by being adihitted between a valv«>and the fluid, 



caoMd tliit flsid to titB and paw thran^ tb« 
Mit Tal«e, 10 ai to make Mie nda oT the wJwel 
heariw ihan the oibaig eonseqaMtly it moiea 
p»nij ronnd, by which the cocki oi valru foe 
rcgalating the direetion of Ihe itaam are tnoTcd 
Ud varied, and the steam ilreadf in the wheel ii 
permitted lo RKape thrajgh anolbet a( the aiou, 
■t Ibe end o( the hellow aiu ogiponte to that b)i 
which It had been admitted, while a dbw quontilji 
of ateam, is at the leme time admitted idto tb« 
ether hatr of Ibe peripher]',l« mBialsin the elera- 
tion of the Quid. ItamventordiiceTeiedaciniteat 
ttEt, In the use of the faiible alloy, (compiled of 
bitmuth eight patii, flTe of lead, three of tin, and 
one of quickiilrer,) in tblt machine, that, lika 
irtier b^cootin^and oijitaliiiD^iWheDithBOMme 
solid, its dimensions incMased. tlnlesi, Uie[«t<in, 
the mttai wss hept hot, oi remo'ed while in • 
llaid ■tale. It burst opeB the pipes in Which it was 
contained. In fiuit, the appuatos was burst fron 
tbis cause duriog Onion's e«p«(imeiit. 



CHAPTER TWENTY-FIVE. 



AST THBIVES MOST, 
WHKBI COMMERCE HA8 ENKICHED THE BUST COAST, 
HX CATHaCI ALL tUVBOVBMIRTS IR HI8 rLl&HT. 
8PBEADS rOBElON WONDEB8 IN BIS COUNTBY'S SIOHT, 
IMPOSTS WHAT OTHEBS HAVE INVENTED WELL, 
AND 8TIB8 HIS OWN TO MATCH THEM, OB MXCXL.-^Cowper, 



While one of the xaott brilliant Bpplicationi oE 
tbe iieam-power had beea made bj iu iniro- 
duciion lo navigalioD, one hardljr kn imporltiDt 
«Bs CDDlemplairil by aa eDtcrprisiog S^aaiacd, 
vbo wilneiBiDg the decaj of the Mexican minei, 
fiom the iDiufficienc^ of tbo luual melhoda of 
diftiaing [beat, conceived the project of miiins 
the vater by steam-engine*- Tbeie ntaohinea 
ieiag unknown in Ueiico, he wu led, in 1811, 
lo inake a Tajage lo London, in oider to pro- 
care the neceanry infoinuition leipectiog ihem. 
In England, however, he met wlih littla encou- 
mesnieni, in con«equenic« of hi< inquirie* beinc 
directed lo the introduction of the atmoipheiio 
QOgioei, vhich would act witb a greatly im- 
Mired energj, in an atmotphere lo rare ai that 
in vhich the Peruvian iniiiei •!• aituated, added 
to au klDKMt intpiacucabilit^ of convajing tbe 
paiU vtwcb vwU b« nvuM f<u (bow luf* 
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en^iiies^ over mountains inacceisible to any spe'-* 
cies of wheel-carriage. 

About, says Mr. Boase, in a memoir inserted in 
the TVanMctiont of the Cornwall Geological So^ 
ciety, to leave England in despair of ever being able 
to accomplish his grand project, and passing by a 
siieet leading from Fitzroy-square, he accidentally 
saw a small steam engine exposed for sale in the 
■hop of a Mr. Roland. This was ia working model 
which Trevithic had made of his high-pressure 
engine, to give a better idea of its construction and 
action, and which being highly finished^had found 
its way into the hands of its present possessor, 
and was exposed for sale as a cabinet quriosity. 
When M. Uvill^ became the purchaser of this 
model, he felt he now had the means either of 
carrying forward his scheme, or of setting the fever 
of his. mind at rest, by satisfying himself by aa 
experiment as to the possibility of achieving his 
project by the medium of the steam-engine. Car* 
rying the model to Lima, he hastened to try its 
power on the highest ridges of Pasco, which 
form the site of the mines. To his unspeakable 
joy, the experiment exceeded even his most san* 
guine wishes. He now formed an association 
with two opulent merchants of Lima, and, under 
the patronage of the Viceroy, procured the pri- 
vilege of working some of the neglected mines, 
on the condition of giving to the state a fourth 
part of the produce which might be brought to- 
the surface. " M. Uvill6 again embarked for Eu- 
rope, and reaching Jamaica, he took his passage for 
Falmouth. During the voyage, his mind was too 
full of the flattering prospects which his scheme 
inspired^ not to be making frequent inquiries 
among his fellow passengers about mines and 
engines. One day while conTersing with a pas* 
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ttl^^> and hairing eipfesMd an aniidtis wish to 
find out if possible the author of the model, with 
which he had made his experiment^ he was most 
agreeably surprised to hear Mr. Teague, the pas- 
senger, reply, ' that Mr. Trevithic was his near 
relative, and within a few hours after our arrival 
at Falmouth, I can bring you together ,*' it hap- 
pened accordingly, and M. Uville resided many 
Bionths at Camborne, with Captain Trevithic, 
receiving instructions from this highly talented 
individual on the construction and management of 
machinery. They afterwards visited together other 
mining districts, and in their tour they came to 
Soho ; M. Uvilll explained to the celebrated engi- 
neers who directed that establishment, the nature 
of his project^ and enumerated some of its diffi- 
culties; above all,- the great elevation of the 
■unes above the« level of the sea, the moun- 
tainous precipices which were to be surmounted, 
and the absence of roads for the carriage of large 
masses in these extraordinary regions. But he 
failed in inducing these gentlemen to engage in 
the project. 

<< The enthusiasm of M. Uvill^, and the perse- 
vering enterprise of his companion, received no 
discouragement from this refusal. Trevithic him- 
self engaged to provide the necessary engines ; and 
his operations were so energetic, that in about six 
months afterwards, he had constructed nine beauti- 
ful machines on his own admirable model, which 
in September, 1814, were shipped at Portsmouth 
on board of a vessel proceeding to Lima, and M. 
Uvill^, with three Cornish miners; embarked at the 
MHBO time. On their arrival at Lima, the projectors 
w«ie> welcomed with a royal salute, and public 
njoicingB; but^^thelocaldifficnltiestobesarmount- 
0d mete ap greaty tha* it waanot antil the middle of 
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tioD. This, the first ever seen in Soutb America, 
excited ioteave c»rio«ity>an4 the mostditUnguiaki* 
ed honours were conferred on the projectors by tha 
Vice Regal Government. . The official deputation, 
appoint^ to superintend this new and exiraordi^ 
nary opeiationt in their report to the Viceroy, saf, 
" that immense labours and boundless expenso 
have conquered difficulties hitherto deemed instil 
])erable,and that they had with unlimited admiia^ 
tioQ, witnessed the erection and astonishing ope« 
lation of the first steam engine established in th« 
foyal mineral territory of Tanricocha, in the pn»» 
vince of Tama, and that they also had the felicity of 
having seen the drain of the first shaft in the Santa 
Rosa mine, in the noble disuict of Pasco ; " ** we 
are ambitious,'^ they add, ** of transmitting to poa« 
terity the details of an undertalfting of such pco* 
digiooa magnitude, from which we aaticipate a 
torrent of silver, that idMtU fill surrounding nation* 
with astonishment." 

While these interesting operations were going 
on in Peru, Trevithic in England, was vigorously 
engaged in. providing further supplies of ateam 
enginesb and ia constructing an apparatus for the 
Peruvian mint; but, above all, he was constmet- 
H^ furnaces for purify ii^ the silver ojre by fusion ^ 
a project which had become of incalculable im« ' 
portance to Pera, from the increasing scarcity of 
quicksilver. 

Trevithic accenpaaied these eagioei fromGng* 
Jand, in October, 1816; his arrival at Lima ia 
February, 1817, was aanoimced in the Qasette, and 
he was imsaediately presented to the Viceroy ,aad 
graeiously received, in the same official diteo* 
neat, the second engiae is aisai deacribed as having 
ha«aian«lii^Mda»baia|p0i^petiM ia |K>v«taad 



^^tity t» the ilnt/ftod thit twna pftTMli of of4 
<»f extraofdiQftr); lichiMM bad been raisad from 
mioes restored to use by the opoifttion of IhM* 

But that whioh the t^mvlafii coMldeted to bt 
^ 4tUl greater iitiponatiGe) «a« the arrival of 
Don Ricardo Trevithic himself, who is described 
•a an eftiiiietit professor of mechanie^^ machinery^ 
ttild nioeralog^y ^iiweiitor and eoottructor of eoginei 
of the last patent^and ivho directed in Etig^land tho 
eneeottoti of the maehiiiery now at wotk at Pasco. 
** This Professor/' tays th* GazeUe, •< with the as*. 
•iiittiiiee of worlciiieii who aceoitipatty him, can con«- 
Mract as many engines as shall be wanted in Penr, 
%ilhout the necessity of sending to Europe for any 
part of these vast machines. The excellent cha* 
yaetet of DonIltcatdo>and his ardent desire to pro* 
mote the interests of Fern, recommend him to th« 
highest degree of public estimationy and make na 
hope that his arrival in this kingdom, will form the 
epoch of its prosperity, through the enjoyment of 
its internal riches, which could not be realized 
without such assistance, or if the British govern- 
ment had not permitted the exportation from 
England of his machines; an object hitherto 
deemed unattainable, by all who know how jealous 
that nation is of all her superior inventions in the 
arts and sciences." 

So much importance was attached to Don 
Ricardo Trevithic^s personal superintendence, that 
the Viceroy ordered the Lord Warden of the mines 
to escort him with a guard of honour to the mining 
district, where the news of his arrival in Peru, 
caused the greatest rejoicin^^, and many of the 
chief men came to Lima, a distance of many days 
journey, to see him and welcome him. M. Uvill6 
in 1819^ had written to his associates, that heaven 
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bad lenl him out forthepioiperit; ofthe miiieB, 
and that (he Loid Warden bad propoied to erect 
bii Blatue in mauy lUeer. 

The lealities tor a time kept pace, it would ap- 
pear, with the promUei; — Don Ricaido'a labonn 
were aucceurul, and tbe coining machiner]' in- 
creased liirold. 

The jeai before Treiiiliic left England he made 
a conaideiable improrement on fail ermine, bjF 
fbroiing; (be piiloD an that a ring of water ■honld 
rua all round it, and rerider tbe whole air-tight; 
aa in practice be found, that a very moderate 
(legiee of lightnesa in the packing, producea thii 
effect { and be revived the idea of giving motion to 
■team vaggoni, bj means of the re-action of the 
ateam made to apout agaioat tbe atmoapbeie; 
and auggeiieil tbe use of a ipiial-wbeel, revolving 
at the Item of a veaiel ai a meani to propel it for- 
ward, piefHable to paddle wbeela at each aide. 
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** BESPECT AND PITT ABS DUE TO TBE CHABACTEB OP A 
PROJECTOX — SE8PXCT, BECAUSE SOCIETY OWES TO IT MANY 
OBLIGATIONS, AND MUCH OP THE PBOOBESS OP THE USEPTJL 
ARTS MUST BE ASCRIBED TO ITS EXISTENCE; BUT PITY, 
BECAUSE IT IS UNPBIENDLY TO THE INTERESTS OP THE INDI- 
VID UAI., AND GENERALLY PLUNGES HIM FBOU APFLUENCB 

INTO RUIN.** — Evans, 



The apparatus which Symingloo had near!;' per- 
fecied, and nith which he made hia successful 
eiperimeDl, had been for jears laid up to rot in a 
corner or (he canal oo which ic was first exhibited; 
and chagrin and disappointmenl were perpe- 
IrBting OD the mind and fartune of its eicellent in- 
ventor a havoc Bimilai to that which theelemenU 
were spreading over liis beauliful mechaniira. 
He could now ooly be a neiveleaa spectator of the 
triumph whicb another mHn was reaping Tiom the 
aame invenliou, in a shape hardly more perfect 
than his own ; and which, probably, derived some 
of ill practical merit from an iDBpectioD of bU 
neglected stellm-boal. 

' Henry Bell, a aelf-langht engineer, to whom, 
a* we have seen, FuUod had written regardins 
Miller's eiperimenls on the Dalswinlon Loch, 
being placed in a more favourable situalion than 
Symington, oo receiving the letter from Fulloo, 
«B* kd, be lays, to think of (be abtnidit}' of 
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sending his opinions on tbese matters to other 
countries, and not putting them in practice him- 
self in his own ; and from thcise considerations, 
he says, *' I was roused to set on foot a steam- 
boat, for which I had made a number of different 
models before I was satisfied. When J was con- 
vinced they would answer the end, I contracted 
with a ship-builder in Greenock, to build me a 
steam vessel according to my plans, with a forty- 
feet keel, and a ten and a half-feet beam, which 
I fitted up with a small portable engine having the 
power of three horses, and paddles, and called her 
the Comet, because she was built and finished the 
same year that a comet appeared inth^ north-west 
of Scotland. This vessel is th^ first steam- boat 
(built in Europe) that answered the end, and is 
still upon the best and simplest method of any 
of them*.*' 

* Fi^ra a misapprahensioB of an exptessioo ia Mr. Bell's 
examination^ the Committee of the noase of Commons, in, 
their Fifth Report on Steam-Boats, state, '* that the whole 
merit of constractioif steam-boats is due to the natives of 
Qreat Britain. Mr. Henry Bell, of GlAsgotr, fare the first 
model of them to Mr. Fultont and went over to America to 
cusitt him in estdbliahing them*\ This account, we fear, has^ 
operated to the prejudice of an ingenious and desenrin^; man. 
Mr. Bell's claims to pnblie teilrard need fio bolstered state-' 
dirats or pretenskms, and we have reason to belie te thst he has. 
biniaelf disclaimed both the assumed fact and its inference., 
Mr. James Cleland«a warm and judicious friend of Mr. Bell^ 
places his merit in its proper position when he says, '* that,' 
Withont asmtminif for Bell the merit of instmetidg FultOi, M 
believing that he ever crossed the Atla&Uc, as has been 6rr«« 
ncously stated ^sewhere, there cannot be a doubt that he was 
{he first person in Europe who successtfutly Impelled vessels 
by steam." Cleland mentions another oireumstanc^, wbieM 
rsfteots gnat honolir on some of his townsmen. " In 1813, aftet 
Mr« Bell had expended a larcer sum of moitCT than he could 
well ntford» on experiments! Xinany of which I witnessed,) ^ 
)iiimber of his fellow-citizehs re^sted him to athio thtik ^ 
tM/rO^ P^ <f M< *«M»y# AMoDg tha>« #hd Wert toettMC 
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At the ttme momeiit, that Mr. Bell was exett* 
ing hiiBMflf on the Clyde, a Mr. Dawson was ako 
making some experiments in Ireland, and according^ 
to his own statement, bad, in 1811, bailt an expe- 
rimental steam-^boat of fifty tons burden, and 
worked her by a small high pressure steam-engine ; 
by a most extraordinary coincidence, he also 
named his vessel the Comet. /^ In 18 IS the same 
individual established a steam-packet on the 
Thames, to ply between Gravesend and London •, 
which was the first that did so for public accom- 
niodation, although a Mr. Lawrence of Bristol, who 
introduced a steam-boat on the Severn, soon after 
the successful operations on the Clyde, had hex 
carried to London to ply on the Thames ; but from 
the opposition of the watermen to the innovation, 
he was in the end obliged to take her to her first 
stationt." 

in this act of justice were, Mr. Kirkmsn Finlay, then M«n« 
ber of Parliament for Glasgow ; Mr. Archibald Campbell, 
the present Member (1825) ; Mr. Henry Monteith, now Mem- 
ber tor Lanark ; and Mr. John Buchanan, Member for Dum- 
bartonshire." — Cleland's Hist. Account, p. 68. 

* This vessel was afterwards sent to Spain, and plied be^ 
tween Seville and San Lucar. 

t The opposition of the watermen to the introduction of 
steam-boats, especially to those which navigated above the 
bridges, was made on the ground that they had, by charter, 
an exclusive right to carry passengers on the Thames within 
a certain jurisdiction; and also from an apprehension of 
Injury to their indiwdual means of obtaining a livelihood. In 
one or two instances they succeeded in deterring individuals 
from sailing steam-boats ; but the attempt at monopoly ulti- 
mately was "foiled, by the extensive legal knowledge of Mr. 
Tyrrell, the City Remembrancer, one of the most early and 
liberal friends of the Richmond steam-yaohts ; and expe- 
rience has proved thst, -instead of injuring, the watermen 
have been greatly benefited by the surprising number of per. 
sons they have to put on board and to land, and who. but 
for this enticing mode of carriage, would not have required 
lK»li.*'<^I>0OD M ^Uam J^ctattt p* SOS. 
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*NotwHlulRiidiB^ tb« mentofiowi ntdin of his 
CBterpriie, the flrst year BelP* specolatioo inniMd 
out to be a losiog: one ; ** for to sreat," ears ht^ 
** was tbe prejudice agaiDit8team«boat nayig^atioD, 
by tbe hue and cry reiaed by the fly boat «id 
coach proprietors, tlut for the first six months very 
few would ve&ture their precious lives in her. 
But in the course of the winter of 1812, as she had 
plied all the year, she began to gain credit ; as 
passengers were carried twenty-four miles as quick 
as by the coaches, and at a third of the expense^ 
besides being warm and comfortable. But eves 
after all, I was a great loaer that year. In the 
second year, I made her a jaunting boat all over the 
coasts of England, Ireland and Scotland, to show 
the public the advantage of steam^boat navigation 
over the other mode of sailing ;*' and with a pardon- 
able vanity, he exults on '* having done (in Great 
Britain) what no king, prince, admiral or general 
could do-~made vessels go against both wind and 
tide, which had not before been accomplished in 
this country, so as to make them of any use to the 
public." 

Previously to the voya8;es of the Comet, the 
average number of travellers between Greenock 
and Glasgow was eighty up, and eighty down ; in 
four years afterwards it was not unusual for five ot 
six hundred passengers daily to enjoy the healthful 
amusement of a water excursion, and the enchant- 
itig beauties of the Clyde. 

The second vessel constructed on the C]yde> 
was on the same model as the Comet, but she was 
a third longer, and her engine had upwards of three 
times the power. But the Elizabeth differed 
ftom the Comet, in being a profitable coucem t6 
her proprietor (Mr. Hutchison, a brewer,) from 
the first day she plied ai a pas«i^fe»bo«t between 



CSIi0goir and Gncnotk. Tbeie two ▼CM^ls haTiof* 
6ii€oUDtered all the viciMitodea of wind and 
ireathery incideDtal to a navigatioii of iwenfty-ieyeii 
miles on a tide-river, in some parts four miles 
wide, inspired such deserved confidence in thia 
kind of navigation, that other individuals were led 
to the erection of larger and more commodious 
vessels to ply on the same route. 

The third steam-boat on the Clyde was in« 
tended to be an improvement on the common 
construction; Mr. Robertson Buchanan*, an eon 

* ROBVBTSOW BUOBANAK WM bovil at iHu^fOfW in 1769 1 

Ins father was a cadet of an ancient family, which had been 
long seated in that part of the country ; and his mother was 
a daughter of Mr. A. Robertsmi. who held the ofliee of Gham- 
bertatn of the city, and was one of its most inflneatial inha* 
Utants. His ^rand uncle. Mr. Neil Buchanan, represented 
the borough in parliament His father, who traded as a 
merchant to America, daring the war which ended in the 
independence of the Colonies, having lost the whole oi his 
inoperty, upon reeeivis^ some calamitoos tidings, in a 
paroxjrsm or despair felt life to be insupportable. His family 
was l«t totally unprovided for, Oeorg»y his eldest son, after* 
wards settled in Jamaica, where he nose to affluence, and 
vetnnied to England in 1817. Bob€tiMO%, at the death of his 
lather, being in his siiteenth year, having given indioations of 
8 taste for drawing aod mechanics, was placed for a short 

Eriod with a carpenter, in order to give him a praetieal 
owledge of that branch of onutruetion, and he also snbaa* 
ijMBtly woirked as a mtllwiight, with the view of emigratiny 
to the West Indies as an eitfineer. Leaving Glasgow ** for 
improTement,*' he rended, for aboot a vear, near Dartfocd 
in Kent; after which he returned ta his native town and 
oommenced business on his own acconnt. This he was 
templed to rclinqntsh for the direetioa of the great eotton 
spinning establishment in the Isle of Bute, in whi(4t un« 
fortunately he accepted of a share as partner. In this vn« 
]iroeperooB coneera, he lost his health as well as his pro* 
pottion of the iMcnniary saerifioe. 

In 17M» during his remdence- in Bute, be had taken out % 
patent for avmmp whieh was not liable to be choked, and at 
leaving the island in 1801, he went te Loadon for the pnr- 
«f kriailat hi* latialiM ial» aatisa. Qonummt 



g^neer^ well known as a practical mechanle of fhe 
first older; made the paddles of the water-wbeela 
enter the water perpendicularly to its surface, and 

alforded Mm facUities for makifi^ experiments vitb his vp" 
paratae oa board a skip of war, and he was persoasdlf 
noticed by George III. His hopes, which had been maca 
excited, in consequence of the high quarters from which he 
was enconrag«d to' proceed, were not to be realized; the 
panip failed in lifting water from the de^ which was re- 
quired before it could become useful on shipboard. Nearly 
two thousand pounds had been expended on the invention, 
^ben its author reluctantly left it to its fate. 

At his return to Glasgow, he engaged a second time in the 
cotton manufactore, and was the first who succeeded in 
introducing eotton-threcuit as a substitute generally for that 
made from flax, which hitherto had been exclusively used by 
sempstresses. This was known as Adelphi sewing cotton, 
from the name of his manufactory, (in which he was asso- 
ciated with Mr. Robert Thomson,) and the machine by triiieh 
the thread was wound into elegant balls was, it is said, of his 
invention. When in London, he had formed friendships 
with Professor Pictet and Count Rumford ; and his attention 
being directed to the count's method of warming buildings, he 
^ve a good account in a small pamphlet, printed at Gla^fow 
in 1807* of his success in heating the Adelphi works by 
steam. Ill health again compelled him to abandon an em-^ 
ployment which he found to be pernicious ; and resuming his 
e«riy and more congenial pursuits he commenced his futnre 
profession of a consulting-engineer. After this he was fully 
employed in giving designs ami insitructions for the erection of 
machinery : that which ne planned for some lax^e bleacheries 
brought him much reputation. He superintended the ereo- 
ti(m of the works on Cran^tonhiU, for supplying the city of 
Glasgow with water ; he made a survey of a rail road between 
Sanquhar and Dumfries, . His report on this project is an 
exception to such productions in general, in its freeidora from 
exaggeration ; it is brief, clear* comprehensive, and above 
all, candid. The bridges he erected at Inchinan in the 
county of Renfrew, are unique in their plan. The rivers Griff 
Cart, and White Cart, unite into one stream before they 
empty themselves into the Clyde* dividing the highway be- 
tween Glasgow and Greepock. On the tongue of land at the 
junction of their currents is a road to Paisley. Buchanan 
threw a bridge across each river at right angles to their 
zespectire streajust wd conoecting their re-eatwin^ angles 
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^Ue from it nearly in the same manner, thus imi- 
tajtiBg what was considered to be the advantageous 
part ofthe.aciion of a common oar. Buchanan 
nras associated with two other wealthy citizens, 
both of whom had some eTperience]in machinery ; 
their operations excited much local interest, and 
their boat was called that of the ** Three Wise 
Men." The mechanism was an ingenious one, but 

by a reretment wall, be made the road to Paisly brancli off 
opposite their junction ; a bird's-eye view, therefore, shows 
raree roads meeting each other at an angle of ISO degrees. 
Ther are probably the most ornamental public structures of 
the kind in the kingdom. Their architectural details are in a 
good style, which may be accounted for, from Buchanan's 
early cultiration of a tine natural taste, and which also per- 
Tftded— strongly penraded-^his conduct in his general inter* 
coarse with society. His habits were simple, his address 
frank and unaffected, and in his various social relations his 
life was an example of every Christian virtue, without the 
shadow of a pretension to the possession of any. Asa relative 
ftnd a friend* he was tender, conciliating, and trusty ; and his 
memory is still cherished with reverence and affection, by 
those with whom he was connected as a master. In his life- 
time they regarded him with attachment for his amiable dis- 
position, and the disinterested, unwearied, and benevolent 
seal he showed to promote their happiness and welfare. As 
an author, his works have been very favourably received by 
the -public — they are valued by practical men for the great . 
oaass of useful facts which forms their staple, and for the 
sonndaess of tiie practical deductions he draws from them. 
.His first work was Observations on Heating Buildings hy 
Steam : this he enlarged and republished in 1810, under the 
title of an '* Essay on the Management of Heat and Economy 
of Fuel." An Easaif on the Teeth of fFheels.Six Essays 
on Millworh were printed in 1 814 ; and a Treatise on Steam' 
Boats in 1816 ; some of his papers were inserted in the earlier 
volumes of the ** Repertory ot Arts," and his account of the 
articles Cotton Manufacture, and Life of Sir Richard Ark- 
wrif ht, in *• BrewstAr's Encyclopedia." 

He died in July 1816, at Creech St. Michael, near Taunton, 
to which place he had gone, a few weeks before, on a visH to 
his uncle. Doctor Innes, to try the effect of a change of air as 
the last remedy, hope pointed out to his friends, for arresting 
the rapid progress os a fatal disorder. 
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tbe friction from the eccentric motrement, 
prodaced the pamltelinn of the paddles^ beiag 
enonnoai, the tcheme was abaodoned. 

Fulton having succeeded in establishing^ tbe VA- 
liditv of the grant made to LiTingstone and htni<* 
self Iby the Legislature of New York, of the sole 
right to navigate the waters of the State'bj wheel 
•team-boats, against numerous successive en- 
croachments *, was assiduous in introducing his 
vessels on these waters ; and about this time be 
was actively employed in the construction of a 
floating battery, to be moved by wheels and a 
steam-engine, the keels of which were laid in June, 
1814: she was about one hundred and flftyniix 
feet long, and fifty-six feet broad ; the cylinder 
was four feet in diameter; and the piston made a 
stroke of five feet ; the water-wheel was sixteen 
feet in diameter ; and the paddles dipped four feet 
into the water. Her burden was about two thoo- 
sand five hundred tons. 

*' This steam-frigate was a structure resting upon 
two boats and keels, separate from end to end by 
a canal fifteen feet wide, and sixty feet long : one 
boat contained the caldrons, made of copper, to 

• One of tlie most notable of tliese opposition scfcemes, 
Wliieb were started on the Hudson River to annoy Fnlton, 
Was a vessel propelled by a pendulum / •* which, aceordinft 
to the calculations of some Ingrenious gentlemen, wpuld pre 
'% greater power than steam ; but when the boat came to be 
put into the water, they found that their wheels, which wef« 
Inmed with great facility and velocity, while their vessel 
Was on the stocks, could not be made to perform their funff- 
tions without the application of a gveat power to the pendBP* 
lom ; the projector? were utterly at a loss to account for so 
extraordinary a phenomenon, and could not conceive why 
flie wheels, which had moved so nrach to theft 8atifae(io», 
when they were resisted by the air only, should require s6 
iDneh force when they turned in the water, and wete f^ 
drag the weight of the vessel 1 1 "--Ctf/tfeir. 
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prepare her tteiim ; the vmet cylinder of iroO) witbr 
its piston levers and wheels, occopied a part of the 
other boat ; the great water wheel revolved in the 
■pace between them * ; the nkain, or gun, deck 
sepported her armament, and was protected by • 
belwark, four feet ten inches thick, and of solid 
timber; this was pierced by thirty port-holes, to 
enable as many thirty -two pounders to fire red hot 
balls ; her upper, or spar deck, on which several 
thousand men might parade, was plain, and sur« 
founded with a bulwark, and she could he propelled 
by her machinery alone; but to enable her to take 
advantage of the wind, she was furnished with two 
stout masts to support latteen sails, and bowsprits 
for jibs, with the necessary rigging, and four rud* 
den, one at each end. Fulton also intended to 
iKive fitted an apparatus for discharging an im-» 
mense column of water upon the decks, and 
through the port«faolesof an enemy, and thereby 
deluge her armament and ammunition ; and also 

e *« Mr. Riobsrd Wright, lata of Yarmouth, eonstmctsd 
a tmmI salied the Eagle, nearly on this plaa : — she whs ua< 
commoQly slow ; this was erroneously attributed to want of 
power in the engine, and another engine of much greater 
power was placed on board i yet this but little increased her 
speed, which appeared about three miles and a half aa hour» 
whereas the same engine, with paddles over the sides pro* 

Srly aitnatod* Would undoubtedly have produoed nearly 
uble that rate of going. A person, named Greathead, tried 
nearly a similar cjtperiment, at a vast expense, and totally 
£silfML*'wDooi>, p. flS5. 

** in 1619, three scientific gentlem«& of Glasgow conceived 
ISm idea of propelling vessels without paddles, the scheme 
was to discharge water from behind the vessel with great ve- 
locity, from pipes placed under the surface, by which shs 
was to be propelled. After an expensive preparation an ex- 
periment was made on tho Clyde in November, when it waa 
found that the propelling power was not suffloient to move a 
vessel against the tide— the scheme was tbsrefore abaa« 
dsBsd,"-<;ii»«4llJh p. 60. 
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to f uspend from each bow two two#b«odied poond 
columbiads, to diachaij^ a ball of that sixe be- 
low the anlagoDist's water line." 

Id July, 1815, this coloflial vessel made a 
▼oyage of fifty-three miles to the oceao and baek» 
in about eight hours and twenty minutes ; and in 
her third voyage, when she had nearly the whole 
of her armament on board, and her draft of water 
about eleven feet, she made another voyage to 
the ocean, solely impdled by her machinery, and 
moved with a speed equal to five miles and a half 
an hour. ** During this voyage she changed her 
course, by inverting the motion of her wheetsy 
without the necessity of putting about. She was 
perfectly obedient to her double helm^ and per- 
formed some beautiful manoeuvres round a na- 
tional frigate ; fired several salutes, in which it 
was observed the explosion of the powder pro- 
duced very little concussion^ and the machioei^ 
was not affected by^it in the slightest degree." But 
Fulton was not destined to enjoy the satisfaction 
of witnessing the success of this magnificent ex- 
periment ; he was seized with inflammaticm. 
Drought on by exposure to cold, during one of his 
visits to inspect the progress of the workmen, 
which terminated fatally in February, 1815*. 

* ** It was not known that Mr. Fal ton's illness was dan- 
geroQs till a very short time before his death, which was un- 
expected by his friends, and still more so by the commuDitr. 
As soon as it was known, all means were taken to testify, 
publicly the universal regret at his loss, and respect for his 
memory. The newspapers that announced the event had 
those marks of mourning which are usaal in our eovntry 
when they notice the death of public characters. The corpo- 
ration of our city, (New York,) the different literary insti- 
tutions, and other societies, assembled, and expressed their, 
estimations of his worth, and r^ret at his loss ; they also de- 
termined to attend his faneral, and that the members should 
wear badges of mouniing for a certain tipte i tba li^islataffe*, 



' Tlw b<Mits which had been M«ttliliehed on tho 
American fiven^ and on the Clyde, had ocea* 
iionall J experienced some heayy swellings of th« 

Am ita %mkm at Altiany, cxpfcsMd their pavtielpatian in 
.the general eentimeatt by resolviog that the membera of both 
lioosea should wear moumiag for some weeks. 

** This is the only instance, we believe, of such public te«« 
tineiiials of regret, esteem, aad inspect, being ofiFered on thA 
death of a private eitixea, who never held any office, and was 
oaly distiaaaished by hi< virtues, his genius, and the eai' 
plovment of his talents. 

** His fttneral was attended by all Ihe officers of the b8> 
tional and state governments then in the^ city; by the magi« 
sCraey, common council, a number of societies, and a greater 
number of citizens, than have been collected on any similar 
occasion; and during the progress of the procession minute 
gnrts were fired from the steam-frigate and West battery: 
and shortly afterwards a principal street, which was opened 
by the corporation, was called by his name. 

** Mr. rnlton, in contributing his proportion to the magnir 
ficent boats on the Hudson, each of which cost from forty to 
«ixtv, and the last one which was built, upwards of a hun- 
dred thousand dollars, expended immense sums of money. 
The experiments he was always making required very large 
disbursements ; and the law suits in which he was inces* 
eantly engaged, from the moment his boats were seen in sue^ 
aesifttl operation, wera very expeasive. Owing to these, 
among some other eirenmstaaees, although he lived witlM>«t 
ostentation or extravaf«ace, he left his estate most exeea- 
stveljr involved ; and it is eertain, that unless some stability 
be given to the exelasive grants from the State, the only p»- 
trimony of his children will be that load of debt which their 
parent ooatmeted in thoee parsaits wbteh ought to eemmaad 
the gratltnda, as they do the admiration, of mankiad.'*-^ 
CoLDsir, p. S57. 

** Mr. Fnlfon,** sa/s the same warm friend and admirer, 
** was about six feet high ; his person was slender, bat well 
fvo^ortioned ; nature had made him a geatleman, and be- 
stowed upo4 hira ease and gracefulness; he had too much 
0ood seasefet the least affectation, and a modMt eonfidenee 
M bis own Worth aad talents rave him aa oaembarraseed do- 
ptfrtmeflt in all eompaaies : ais featnret were stroag, aed of 
« aMaly beauty ; he had large dark eyes, and a projectiog 
brow, ea pi e s e i ve of intoUigenoe aad thought | his temper 
waasulCf aii4bla 4iBpoiitlea lively} be wai IMA af soei^, 
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sea ; but the impren ion umbtij^ nautical men was 
against the notion^ that they con id ever be de- 
pendfed upon to remain at aea, in weather which 
could be braved by a common sailing vessel. 
• The point was decided by Mr. George Dodd, 
'* a very resolute young man, who went to Glas- 
gow expressly for the purpose of fitting a steam- 
boat for sea, and bringing it to London. He had 
served as an officer in the English navy, and he 
afterwards distinguished himself as a civil engi- 
jaeer, an architect, and even a topographer*. Uia 

which he alwavs enlivened by cheerful, cordial manners, and 
Instructed or pleased by his sensible conversation : he ex- 
pressed himself with energy^ fluency, and correctness ; and 
as he owed more to his own experience and reflections than 
to books, his sentiments were often interesting from their 
originality. He was decidedly a republican. 

** In all his domestic and social relations he was zealoas* 
kind, generoas, liberal, and affectionate ; he knew of no use 
for moneyr, but as it was subservient to charity, hospitality, 
and the sciences ; but what was most conspicuous in his cha- 
racter was his calm constancy, his industry, and that inde- 
fatigable patience and perseverance which always enabled 
him to overcome difficatties." — Coldkn, p. S&8. 

* Ralph Dodo was a portrait-painter before he became an 
engineer— for the last twenty-five years of his life he was a 
manufacturer, mostly of steam-engines, and was known to 
the public as a man of talent and ingenuity; he had some 
patents, one or two of them connected with the constmction 
of the boilers of steam>engines. He died at Cheltenham in 
.1832. in very indigent circumstances. His wife, to whom he 
.had been married for forty-six years, and then in her. seven- 
tieth year, having outlived all ability to help herself, could 
look forward only to the cheerless and inhospitable sh^ter of a 
workhouse, as tiie last resource d her calamity, — the restin|'« 
place of her desoair; when the forlorn and aestitute condi- 
tion of the aged widow was made known to one of those 
.societies whose mercy, be the circle of human misery ev«r so 
extended, sweeps a yet wider circle and embraces it-4tB 
' bounty softened the pillow of her sickness and smoothed her 
bed 01 death. Four children survived her : Bokert BaradeU 
JOoddt the eldest, practised as an engineer, and, occasio^lly, 
M f^ portrait-painter {it liewcastle, Tfioti^ ihdd wrdd 
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y—wl wfta about.' ninety feet long, and fomrteen 
and a half feet broad^ had a burden of about 
•eveoty-five tons ; the engine was calcnlal^d^ to 

^ 

Vktia ^tinction as a eomaiseary under the. Duke of Wei* 
U^gton. Fanny Doddt wboee present sitoation makes her 
indeed an object deserving the merciful assistance of the 
benevolent — the misfortunes of her family and her personal 
privations, unhappy gentlewoman i hare threatened the total 
wreck of her mind. Qewge Dodd^ the third son, is the indi- 
vidual mentioned in the text. He was the deaiener and 
author of Waterloo Bridge, and_ held for a time a lucrative 
appointment' as its engineer which, from some unexplained 
circumstance, to the surprise of his friends he resigned. 
His nautical skill was displayed to advantage at the first 
introduction of . steam-passaee-boats on the Thames, and 
fiis practice in altering and improving^ several of these 
vessels was directed by gbod tact and judgment; he intro- 
duced the mechanism of the lowering chimney,, but his 
little success as a co-proprietor in some boats did not cor- 
respond with his exertions to deserve better fortune. In the 
excitement produced by the use of wine, he endeavoured ta 
seek relief from the depression of mind occasioned by a 
waning fortune; but this only plunged him deeper into embar- 
rassments and accelerated their fearful termination. The close 
of his life was awful. He had hired lodgings at the house of 
a person to whom he was unknown ; but returning at a very 
late hour to take possession of them, in a state of ebriety^ 
the inhuman landlord thrust the wretched man into the street, 
where he was found lying almost in a state of insensibility 
by the patrol, and earned to Giltspur Street Compter. Next 
morning he was taken before the Lord Mayor as a vagrant* 
V His JUmlship, who knew him in the days of his prosperity, 
recognised him among the crowd of paupers who appeared 
cravmg relief, and asked some kind questions, which, how- 
ever, poor Dodd seemed unwilHng to answer. He indeed ap^ 
Eeajned as if '* sharp misery, had worn him to the bone," and 
e evidently laboured under an infirmity of intellect. All he 
asked was liberty to stay at the Compter until he couM 
make arrangements for his removal — his request was cheer- 
fully complied with. But, the unfortunate man, suspecting 
that it was intended to give', him poison, refused to put his lips 
to any thiuf that would do him good ; he lingered for eight 
days when hei expired." 

He was the reputed projector of the Gravesend Tunnel, and 
had Tery lately taken out a patent im an inyeiuotts machine 
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hair« « po#«r of foorteen honai, and tht wh— h i 
were nine feet in diametar. She wai rigged .wUk. 
a square- sail on the chiixmey-ma«t, a bowtprte 
saii, and another on the mainmast. The crew 
consisted of a mate, foar seamen of the first carder^ 
an engineer, a furnaceman, and a ship's boy. 
This was the first vessel of the kind that any one 
had ever dared to venture in on the tempestuooa 
sea that terminates St. George's Channel in daub* 
line Cape Lizard. 

^ The commencement of his voyage was not 
happy. The weather was very bad, and in th» 
narrow channel which separates Scotland from 
Ireland, the aea is sometimes terrible, by the ren- 
contre of the ebb tide with the heavy swell that 
comes from the Atlantic Ocean. He was forced 
to seek shelter in Loch Ryan, owing to the igno- 
Mince and presumption of the pilot, who, after the 
captain had retired to rest, altered the coarse ha 
bad been ordered to steer during the nighty to gain 
the coast of Ireland bv morning. At break of 
day the orew disturbed the captain to warn hin& 
of his danger : he immediately discovered that th« 
Irind had freshened to a heavy gale, attended with 
a high and irregular sea ; and that instead of bia 
vessel being on the coast of Ireland, she was within 
half a league of a lee rock-bound shore, two miles 
to the north of Port Patrick, Scotland. It blear 
loo violent to attempt beating off this coast by 
Mils and steam united ; he, therefore, struck tha 
little sail that was standings and the mainmast 

tot extlnftdsiiiiig fires on board thip, whieh it appeared, ftMi 
I,ettcr8 found in Ms pocket after bis death, bftd heeahitn* 
dneed into some vessels of war: tlie contrivance is described, 
and a figure of it giren, in Hebsbt's Register of Jnventintt 
vol. iii. p. StH. Hie was the author of ft Triatut on Statok- 
B0au, putrlislied b 1818. 
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oMiltiicted to lower, a&d depending entirely on 
tile power of his eng^ioe, laid the TeMePs head di- 
rectly to wiadYMwd, and ordeied the log to.be kept 
constantly going, which quickly asceitained, that 
the:ves8el was clearing tb&eoaM«aad goiDg direcl 
in the wind's eye, at the rate of three knots and. a 
half per hour. When he made a sufficient offing 
he bore away for Loch Ryan, and soon cama up. 
with a brig in distress, running for the same plaoe^- 
haying carried away her main-topmast dosing the> 
gale : a second attempt succeeded, and gained the. 
coast of Ireland. No other power than that of. 
steam would have impelled the vessel against that 
wind, and saved it from destruction. 

*^ On leaving Dublin,*' coetinoes Weld, *' we 
left far behind us aU the vessels that set out with, 
the same tide, and Aext morning, as we passed 
Wexford, the thick smoke which issued from the. 
mast, was observed from the heights near that city,, 
and it was . concluded that the vessel. was on. fire* 
At the instant all the pilots put to sea to fly to 
our assistance, and at ^he arrival of the first who 
reached us,- it is impossible to describe the attl* 
tude of surprise, mingled with disappointment, 
which they evinced at beholding us in very goodi 
condition, and which frustrated their claim foe 
salvage. While we were crossing St. Geoige's; 
Channel one of the paddle blades, . which was 
put out of order, was cut away by a steel chisel. 
Some hours afterwards, a similar accident hap«, 
pening to the other wheel, it was remedied in the 
same way. It was not perceivable that one 
paddle-blade less in each wheel produced any 
sensible effect in the progress of the .vessel. 

*' At the entrance of the channel into St. 
Bridge's Bay, from the tide descending Ramsey 
C^iannel, in 4 pifaight aqd hois^ovis current^ aod 
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tlM lidk rtsinf on the other side in att opposite iti« 
leetiOBy the wttvei were very high, and daahed 
agaiaateach other in all directions ; and their tur* 
balenee^ when we eame into contact with them^ 
was truly alanuing t we often fonnd oanelrea fo 
low between two waves that they hid the sight of 
the coast from us^ although it as very high ; but 
the vessel nmde way over all these obstacles ia 
the finest style. A small fleet of merchantmen 
quitted the pass and endeavoured to follow as, 
but in the passage of the bay alone we outran 
Uiem all hull down. 

^ On the other side of St. Bridge's Bay the^ 
pilot warned us of the danger there was in en« 
deavouring to pass a strait passage^ called Jack 
Sound, eicept at high tide, and with a good 
wind. ^ There were/ he said, ^ a most rapid tide, 
and whirlpools, which would seise the ship and 
carry it on rocks level with the water's edge. Cap« 
tain Dodd, who knew the power of his wheels, in- 
sisted on going forward, wnich would Mve us, pro* 
bably, another night at sea. The pilot re-urged 
his remonstrances, and trembled with fear, but' 
we crossed all these whirlpools freely, and with* 
out appearance of danger* Nothing, however, 
was more frightfal than the appearance of these 
rocks, and the sea strikes against them in hollow 
waves that resound on all sides. Our situation 
there at tlie beginning of night, in a vessel that 
had no other resource than the wind to get out^ 
would have been very perilous, but our powerAil 
and indeftitigable wheels soon extricated us out of 
this danger, and brought us safe and sound into 
Milford Road. 

^ In approaching that place we met the king's 
packet-boat, with all sails spread to the wind, and 
and pasved it about » quarter of a mile when the 



isi^ift bethotiglit him tb Irannnit soiii« letlem by 
Hi we pcit about and i«acbed it in A few ittiniit«tr, 
ftnd went round it, notwithstanding' it continned 
under weigh ; and after delivering ouir conimti- 
nications to the captain, we went round it a second 
ttine and regained Milford Point. 

** When anchored in the port of Hayk, a rMSd 
which contained eleven persons^ with a party of 
pleasure, just at the mouth of the river^ had bceh 
carried away bj the tide and wind^ and hurried on 
the rocks before aily person perceived the dan- 
f er. Captain Dodd discovered the vessel and its 
periloQS situation : scarcely had he time to declare 
it when the calamity was at its height. This 
brave man, confident in his four rowers, boldly 
Ikivanced amongst these rocks and breakers, and 
at the imminent risk of their lives succeeded in 
snatching from the waves four of the wretched 
individuals who still had signs of life. But notwith- 
standing the indefatigable cares of Captain Dodd, 
and of those persons Co whom he dictated the 
means prescribed by the Humane Society, only 
two of them survived this sad event. 

" In doubling the Cape of Cornwall, the first qf 
those two great promontories which terminate 
England on the west, a frightful swell met us, 
with all the weight of the Atlantic^ whilst the 
tide, which running down St. Geoige's Channel, 
met those waves and raised them to a height 
which it appeared impossible to overcome, and 
equally dangerous to have in the rear if there 
were occasion to put about. The vessel appeared 
to suffer, and the repeated dashings against the 
case of the wheels alarmed the pilot, who heard 
them for the first time ; night approached without 
any port offering itself to us. In this state of 
things Captain Dodd observed that the vessel 



wiled beUer bebre the iravei tboa' in tXij other 
directioai be, therefore, msde a Iod; tack, close 
hauled, m> that we might get out at the latituda 
(there the swell atiuggled agaiait the tide. We 
•Bread tame laili, which alwayi coatribuied to 
tile equiUbrium of the veaael, and at the end of 
■ome bourawe had doubled the Land' i.£ad, when 
we found ouraelvei in a tnnqail tea. After Ihli 
(here wat notbiag mors in the voyage eitliei labo- 
lious or lemaikable ; we were then HI the entraDce 
of the BiituhChanoel, which is said to be alwaja 
more calm than ibe Iriih Sea. The lun shone on 
us, the aea ipatLled n iih its beams, nod the coast 
unfolded all its beauties — we beheld iti woods, ita 
villages, its rich cullivalioD." * 

1'his interesting voyage, 758 nauiic miles, waa 
run in about 1S2 hours. 

to Tendon in B St»in-I»nl, [17 
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" KOTHINO IS IIZSX FOB TXiLBS, KOTHlKa TO WAIt» 

OB KNOCK THX BBEAST; NO WXAKN£SS, KO CONTEMPT, 
DISrSAISX ORBLAHK-; KOTBIIT* BVT WEI.L AND BAIB, 
AMD WHAT HAT QUIZT US IN BtATH SO NOBLZ.'* 

Milton. 



THBecquii'uioii of literary kno»ladg«, in vhicb 
Walt aDgBged with all the ardoui of a Nudeni, 
filled up the leiaure of hii retiremeol ; and it w«« 
dining thii peiiod iie acquired much al thai 
alora of inforniatioa Tot which he wai iiibae. 
quenUjr coniidered to be almoit a* remBikable, 
aj he wai foi the powers of h ij iaveiitioii, P«» 
indiriduali of hii cIms poueued " «> rnuch, aai 
auch varied, and exact information, had read m) 
much, or lemeiobered vhat he read so bcgd- 
jatelj and «o well. Uia ioformation wa4 geoeial. 
.That he ibould have been ialimalelj and au; 
tciuivel; ikilled iu cbeniAr; and tba ana, and 
is uHt of the bnuchei of pbfiical tcienoei 
might, perliapi, baie heen coajaclured) but it 
could Dot have been inferred from hii utual occu* 
pationi, that he waa curioualf learned in ruaar 
Dianchai of aoliquitj, metaphyiic*, medicine, 
•ttd.etinolosr i •»! peifectl; at heme in itlllba 
3*3 
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details of architectare, music, and law. He was 
well acquainted too with seyeial of the modem lan- 
guages, and familiar with their most recent litera- 
ture. Nor was it at all extraordinary to hear the 
great mechanician and engineer detailing and ex- 
pounding, for hours together, the metaphysical 
theories of the German logicians, or criticising 
the measures or the matter of the German poets. 

'* He still took a lively interest in those pro- 
jects which were afloat in the mechanical world, 
and kept up an intercourse with his former asso- 
ciates ;" and occasionally accepted of invitations 
to give his opinion and assistance as an engineer. 
But this he did but rarely, for his pecuniary am- 
bition being satisfied, he valued his ease, as leav- 
ing him perfectly independent in the disposal of 
his time. 

It has ako been noticed by some who were 
ignorant of the peculiarities of his character, to 
TO a circumstance somewhat extmordinary, that 
this long period of philosophic retirement was 
undistinguished by a single invention from his 
hand. Nay, even that although his whole life 
had been spent among mechanics, and he was ac* 
knowledged to possess a superlatively fertile ima- 
gination, he is known as an inventor solely for 
his labours on the single mechanism of the steam- 
engine.' For his method of copying writhigs, the 
pneumatic apparatus, designed for Dr. Beddoes, 
and the pipe for conveying water across the Clyde, 
which accommodated itself to the bend of the 
river, are but trifles, ' even when' compaFed with 
the' devices of hundreds of h^s cotemporaries. 
This anomaly is the effect of a very striking pecu- 
liarity in the coni^titutton of Watt's miud,-*^his 
apparently perfect indiffi^ence, or rather total in^ 
sensibility to personal distinction, or to th« fama 



p|«o linveplor. He looked at bis pfpjf cU jooly «• 
a AQurce of profit ; provided ke bad thU» ne cared 
not vho bad the merit of being their author; aud 
when be saw emolumeot could not be drawn froqi 
them, i)uiperDMs inveptiona were thrown aside, 
and allowed to sink into oblivion — to perpetuate 
them by a description never entered into his imd' 
.gination ; and even those improvements on thp 
steam-engine, on which his fortune, and that qf 
hifl /amijjr, depended, wete about as unknown to 
the public as some of his neglected contrivance4. 
He not only had never imparted any account pf 
these inventions himself, but be even shrunk from 
the task o( enabling his friends to give them, ia 
.Qjrder to repel t^e insinuations which were 
.tbrown profusely iipon him> for the purpose of in- 
validating his patent; and when Bolton appealed 
to the law. Watt was unisasy under the publicly 
vhich the proceeding gaye to his operations — tp 
ib» homage whic^ was p^id to his geniuf» At 
length, when he was u^ed to revise a sketch 
given by Dr. Robison *, he contented himself with 
adding a few notes to his friend's workt remark^^ 
able for their candour^ and for their utter fre^dooi 
from aH affectation and pretension. Indeed, hi^ 
Qwu opinion of his own inventions was qi)it^ qp- 
posite tp that of his friend^ and thq pabljc : b^ 
.valued them lightly, probably as haviqg cost him 
but little effort to produce them; aqd tbos^ 
contrivances, which had carried bis name t9 
ev^ry corner of the workj, he considered to be so 
abviqqs, th^t they iQUst have occurred to thoifr 
fanda of 9^ber» before bis time, ai^d that I^q iirai 

* Elementt of MeehaniccU Philosopht/t vol. ii. art St«aita- 

3 A 3 
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more fortanateonly than they, f^om being* thi^ first 
who had put the thought to the test of experiment. 
' ** His knowledge was, howe%'er, of a usefal 
kind, and, unlike some of his cotemporaries, he 
- valued it for its practical tendency, not for the 
manner in which it was, or could be imparted ; 
he had no relish for what was called abstruse me- 
chanical discussion, and on theoretic deduction he 
never placed any dependence. In this he re- 
sembled Smeaton ; every thing was done by a sort 
of feeling, or tact, as if the knowledge had been 
bom with him. In his opinions he seldom went 
either before or beyond the direct inference which 
could be drawn from an experiment; but so 
'great was his sagacity, that few bearings of an ex- 
periment were omitted or overlooked. Not the 
feast extraordinary part of his character was his 
indifference to the study of mechanics as a science, 
or even as an art ; and few men, who bad read so 
much on general topics, ever read less on this, 
the knowledge of which, of all otheis, we might 
consider to have been essential to the proper de- 
velopment of his conceptions j and he never was, 
iat any period of his life, a scientific man, in the 
present absurd acceptation of the term : it has 
been said, that he never resolved an algebraic 
equatioif in his life. Like Ferguson, he got at 
the truth by geometrical methods ; and at one pe- 
riod of bis life it was his favourite amusement to 
Represent, by geometrical figures, various tables 
Mich he had occasion to consult in directing the 
proportions of his engines. These, it is said, 
gave his pupil, Playfair, the idea of his ingenioils 
system of linear arithmetic *." 

• Stxtabt's J)es, Hist, of the Sttam Brngtne, p. 190. 
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' Playfftir otuieirves* that he was i^omnt ivhetber 
/' ke ever was a dexterous operative mecfaanic," 
•but he certainly never attempted to assist in 

* Wzu.1 AH Flatv AXB was the third son of the Rev. James 
Playfair of BenTie in Forfarshire, where he was bom in 17&9; 
The death of his father happening while he was young, his 
edncati<m and maintenance chiefly devolved on JoHn'hii elder 
brodter, the late distinguished professor of natural philosophy 
in the Universitjjr of EcBnburgh. 

William, having shown an early taste for the mechanical 
arts, was apprenticed, for a short i>eriod, to Andrew Meikle, 
the iuTentor of the threshing machine; here he had the late 
Kt. Rennie, the engineer, as his shopmate. Playfair, having 
acquired considerable facility in mechanical drawing, " with 
that instinctive partiality for the south, which does no dis* 
Itonour to Scotchmen, but which may have been of advanti^e 
to both countries," went to Birmingham in 1780, as a 
draughtsman to Mr. James Watt, and remained with him for 
several years. From this intimacy is derived almost all 
that is known of the early habits of the great improver of the 
steam-engine. 

. At leaving Soho, Playfair aspired to literary distinetion, 
and in an evil hour essayed to become a {wlitical advocate. 
At first, however, the writing mania divided his attention 
with mechanics, for he found time to carry into execution a 
method of making what he ealled £1 Dorado window- 
aashes and doors, of a metal composed of copper, sine, and 
iron. He also inventeda machine for forming the ornamental 
fret work on articles of silver, which had hitherto been dona 
by hand, and opened a shop for the sale of plate of this manu- 
laoture : by tiie same engine he fabricated coach omunents, 
buckles, and horse-shoes; of the latter he eould produce tm 
in a minute. 

' This adventure, which wanted only a little perseveranee 
and attention to have made it become a permanently IncratiTo 
one, did not make returns fast enough to satisfy FlayfaiT*8 
restless activity. He went to Parin, for the purpose of intzo- 
dnciii^ a new rolling-mill, and Cort's improvement in manu- 
CMtunng iron ; and, as an encouragement for him to proceed 
in the erection of his manufactory, he received a grant of a 
piece of land from the oonrt. The unsettled state of French 
affairs was unfavourable to this project. Joel Barlow had 
been dispatched to Paris, as agent for a company which had 
purefcased a traet of nearly three millions of acres of land on 
the riv«r Sioto, which emptiea itaelf into the Ohio. £xp«n> 
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-makitif medelf or pattiRf aiiy of bit awn fttaoft 

into •xecution after he came to EsgUod, wbaMiFev 
he might hftve dont at an /»aIli^r poricni of hU lilb* 

Moinr freftt dtfllraUy in th« diipMal of ft* lands, h» iwAw^ 
PlaytUT to andnrtake the baswcM. In two months he sehi 
fifty thousand aeres. This, though not a yerjr flourishinf, is 
yet an improring settlement ; and Playfair, in hie old age^ 
consoled himself that when much of wlust he had written om 
politics was forgotten, his name would be remembered, from 
ms connection with the Sioto colony. T]>8 great scarcity of 
silver eoin at Paris making paper money oif every kisd neaiij 
nsdess, Playfair's next specnlatio^ was a good one. U* 
Opened a bank for the issue, at a soiall premium, of hit oum 
flofes, payable on demand, for quarttr frames^ half framet^ 
and francs. This manufacture was every thing he could 
wish for on the score both of extent and profit ; for kis M/fl* 
were demanded in thousands and teas of thonsands* and they^ 
wen returned occasionally only in fives and tois. Playfaitf^ 
however, having expressed himself with incautious fnMd<»a 
regarding some measures of the Fseneh government, hi* 
hank was regarded as fair prey. From a friend at head* 
quarters he received, in the aftenoon, inteUigence of lAat 
was in contemplation, in time to remove a )a«^e snia 
•f the national notes, for which he had exchanged his own. 
Kext morning a small party of gens-d'armes marohed 
into his office, accompanied by an officer of the police, 
who took a list of the stock, and, sealing it no, he left a 
couple of soldiers to look after the premises. Tne banker's 
body was also anxiously sought for, to be described in thd 
ioventory ; but Playfair was on his way to Holland, which 
be reached in safety. Happening to be at Frankfort on the 
Maine, when a member of the Parliament of SoiudeaiuB 
arrived at the same inn, and described a telegraph wliich haA 
been erected on the mountaia of BelviUe, PMyfair instantly 
b^an a model, which, on Ihe 4hird day after, he sent t» tha 
Duke of York, and thus the plan and an alphabet of tlus aih 
paratus first came to Englana. 

At his return to London in coiqunction with Mr. Hartsinek, 
of the celebrated house of the Hjodcs at Amsterdam, and the 
Rev. Mr. Hutchinson, he established what h« called a 
Security Bank, for advancing money or transferable ootesi 
on valuable property, but of a nature which prevented it# 
being easily brought to market In this every thing depended 
on a perfect knowledge of property of all kinds, and ike es* 
•RUB c£ thji niimt niriA stnii/M' ^ma wa Sauti, waatiatf* 
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He employed most of his time in drawing and 
writing letters^ but vety little of it in superin- 
tending the operations that were going on. This 

mnd bankrvptcT followed. The afEain of the company wefe 
thrown iBto Chancery ; and it is said thef remain there stiU 
— all the iHirtners have gone to their long account. 

After this wreck, Playf air became an author by profession; 
and his future life was a chequered one, even for that of^ a 
man of letters. He wrote on a variety of topics, bat polities 
sad national-economics were his favourite su^ects, and almost 
every popular question of the day elicited a pamphlet from 
bis hand. Many of these were eminently successful. His 
greatest work, and the one too for which (if we except his 
stkill in linear tables, which he turned to good account m his 
charts of domestic chronologies) he was the least fitted, was 
his Family Antiquities^ in nine large quarto volames ; this 
was published at forty-five guineas. But his Statistical 
Breviaiy and AtUu are, jwrhaps, the works which best ex- 
hibit his ingenuity ; these introduced him to many high poli- 
tical characters, and, among others, to the late Marquis of 
Lansdowne. He added Notes to Smith* s fTealtk of JVcUions', 
and was the author of Oddy's European Commerce. Frano0 
Bsitis: not Lady Morgan* s Frcmcey was a later publication. 
But that which he spoke of with the greatest affection was 
his Decline and Fall of Weaithy Nations, printed in 1805. 
' He had taken out five patents, two of which have been 
described ; a third was for a scheme to take advantage of di* 
wnnd to bead s])rings, which were applied to act as reservoirs 
of power, for increasing the speed of a ship by their re- 
action. 

■■ In the later Tears of his life he was often reduced to great 
want, and his mends considered his neglect by government 
to be a deep stigma on its justice ; for they instanced him as 
being, dnring[ his whole life, a consistent and often a powerful 
and convincing advocate, of loyal principles — and^ without 
hope . of . fee or reward, he often incurred expenses to pro- 
mote their dissemination, which his finances could ill bear. 
In the autumn of 18:23, he was released from the prison in 
which he . had been confined mtui v months for a debt (for 
which he had been surety for a friend) of a few guineas ; 
and had nearly finished a model in rielief of the surface 
of the Holy Land* of which he intended to make a public 
exhibition, when a disease in his legs, which had made 
bin a cripple, for years, took an unfavourable turn, and 
showins syinptoins of iiiortifieation» poor uafoitunate Flayfur 



piobably •«>•§ fiom hit feeling thiU ha 4b«iifl# 
and contrived to the best purpo«e» when his mind 
was left entirely to itself; though, on the other 
hand it bad the disadvantage that much more time 
iras taken in realizing his ideas than otherwiM 
ivould have been. The house in which he lived 
was two miles from Soho, where all the machines 
Vere manufactured. To this he seldom went 
above once a- week, to see what was doing, aad 
when he did go there he seldom staid half an 
hour." 

In this house he had continued to lesidej anil 
here, on the 23d of Aug^ist., 1819, this venerable 
man closed a life illustrious for its usefulness. 
f* He had suffered some inconvenience through the 
summer, but was not seriously indisposed till 
within a few weeks from his death. He then be* 
came perfectly aware of the event which was 
approaching, and, with his usual tranquillity and 
benevolence of natore^ seemed only anxious to 

iras carried to ui hosfMial for the purpose of n&dergoing an 
•peration, wheie he expired on the llth of Febroary, 18S8. 

In hie best time he had pretensions to ele^nce both of 
person and manners; but uthongh he was a man of strong 
sense, his misfortnnes and poverty had no effect in narrow* 
ing, or correcting (in the language of the world) the reckbss 
generosity of his heart Yet his total disregard of mooej 
eannot fairly be utged to his blame, for they to whom hi 
stood in the relation (^ husband and father shared in hig 
mean fortune without repining ; feeling, probably, that a 
Ufe,^ in which subsistence depends on the result of a siio 
cession of precarious speculations, is unfavourable, from its 
•xcitement, for the formation and exercise of that steadbess 
of mind and singleness of purpose which accompany, if they 
do not produce, nabits of caution and self-denial. 

He left a widow and four children. One of his daughters 
was born blind. His eldest son, who held a commission ef 
lieutenant in a regiment which at the peace was disbanded in 
Canada, preferring to remain in the colony, received from 
yov^fomfst a gtsat ol lami Spi Mmoir ^ B^nrkit, 4s» - 



psitt but, to thfe Mknds 6!toxxnd hitd, th« mknf 
fctirces of consolation which were afforded by the 
circamstances tinder Which it was about to take 
place. He eicpressed his sincere gratitude to Pro-* 
tidence for the length of days with which he had 
been blessed^ and his exemption from most of th^ 
infirmities of age, as well as fbr the calm and 
cheerful Evening of life that he had been per* 
mitted to enjoy after the honourable htbours at 
the day had been concluded. And thus, full of 
teats and honour, in all calmnesiS and tranquillity^ 
he yielded up his soul without a pang or a 
iKrnggle, and passed from the bdsom Of his family 
to that of his God.*' 

"His name fortunately needs no commemo'> 
ration of ours, for he that bore it survived tb sec! 
it crowned with undisputed and unenvied honours^ 
and many generations will probably pass away 
before it shall have gathered all its f^me. It ha!) 
been said that Mr. Watt was the great improver 
of the steam-eflgine ; but, in truth, as to all that is 
tidmirable in its structure, or vast m its utility, he 
ikhotiM rather be described as its inventor. It ^ad 
by his invention that its action was so regulated 
As to make It capable of being applied to the 
finest and most delicate manoractures, and iti 
power so increased as to set weight ilnd solidity at 
tleflatice. B^ his admitable contrivances, it has 
become a thmg alike stupendous for its fotx:e and 
flexibility, fbr the prodigious power which it caii 
bxert, and the ease, and precision, and ductility, 
^ith which they cati be varied, distributed, and 
Applied. 

" ft would bfe dificnlt to estimate the ifalne of 
the benefits these inventions have conferred upoA 
Ihe country. There is no branch of industry ttiat 
hM Aot been Indebted to themiimt in aU^emotit 
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Bftterial they hare not only widened, moet nagm- 

flcendy, the field of its e&ertioQs, bat multiplied a 
thoaaand fold the amount of iu productions. It 
has armed the feeble hand of man, in short, with 
a power to which no limits can be assigned, com- 
pleted the dominion of mind over matter, and laid 
a sure foundation for all those future miracles of 
mechanic power which are to aid and reward the 
labour of after generations." 

** This will be the fiime of Watt withfutnie gene- 
rations, and it is sufficient for his race and country. 
But to those to whom he more immediately be- 
longed, who lived in his society and enjoyed his 
conversation, it is not, perhaps, the character in 
which he will be most frequently recalled, moat 
deeply lamented, or even most highly admired. 

^' No man could be more social in his spirit, less 
assuming or fastidious in his manners, or more 
kind and indulgent towards all who approached 
him. His talk, though overflowing with infor- 
mation, was full of colloquial spirit and pleasure. 
He had a certain quiet and grave humour, which 
ran through most of his conversation, and a vein 
of temperate jocularity which gave infinite zest 
and effect to the condensed and inexhaustible in- 
formation, which formed its main staple and cha- 
lacteristic. His voice was deep and powerful, 
though he commonly spoke in a low and some- 
what monotonous tone, which harmonized admi- 
rably with the weight and brevity of his obser- 
vations, and set off, to the greatest advantage, the 
pleasant anecdotes, which he delivered with the 
same grave brow, and the same calm smile play- 
ing soberly on his lips. He had in his character 
the utmost abhorrence for all sorts of forwardnesa, 
parade, and pretension ; and, indeed, never failed 
to pixt 9ttch impostors out of coimtepance by th^ 
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Bly plaiimess and honest intrepidity of his lan- 
guage and deportment. In his temper and dis- 
position he was not only kind and affectionate, but 
generous and considerate of the feelings of all 
around him^ and gave the most liberal assistance 
and encouragement to all young persons who 
shewed any indications of talent, or applied to 
him for patronage or adyice. His health, which 
was delicate from his youth upwards, seemed 
to become firmer as he aidvanced in years, and he 
possessed, up to the last moment of his existencoj 
not only the full command of his extraordinary 
intellect, but all the alacrity of .spirit and the 
social gaiety which had illuminated his happiest 
days." 

His remains were deposited in the parochial 
church of Handsworth, near those of his friend and 
colleague, the princely Bolton ; and, in this temple 
/of peace, filial piety has erected a statue to trans- 
mit the corporeal lineaments of a revered parent 
to posterity. _«___ 

The piston a, of Mr. Turner's steam*wheel, 
moves in a circular channel or ring 6, and is 
attached to the axle c, by a thin plate, similar to 
the piston of Mead*s engine. The two abutment 
valves or sliders, d, «, recede from the channel 
into recesses, as the piston approaches them in its 
revolution, when they are again moved into the 
channel after the piston passes beyond them. One 
of the sliders is always placed across the, channel 
while the other is being withdrawn— or during 
the instant that it is totally within its recess; so 
that the steam which issues from either of the 
openings is enclosed between one of the abutment 
valves and the piston, which is thus carried for- 
irard> the opposite opening always forms a com^* 

3 a 



iMBieatioii with the iKAde&ser. Wheh t^ ^liidt 
ig carried beyond s glider, that slider is moTed 
intb the ring, and the other slider begins to b« 
shifted into the recess, at the same time the steam 
Is shat off from one of the openings, and admitted 
into tlie opposite one; vhat was a passage from 
the boiler is now that to the condenser) and this 
alteration takes place eref y reyolution. The cletet 
means by which these passages were reversed Apt. 
pears on the engmTing ; t, or k, may eithef be thtf 
condenser or steam chamber, and the passage* 
into it itre opened or shut by the rise or fall of the 
lerer slide, ft ; a wheel, o, fixed on the Asts, e, 
commanicates the rotary motion to the other 
machinery. The sliders are shifted by an excentritj 
tnovement attached to the aile, c. A rery detailed 
description of this apparatus, with some excellent 
illnstrative figures, is.giyen in that mine of mecha^ 
hical intentions, — the Repertory of Arts. 

In Mr. Routledge's steam-wheel, the vaponr effi 
ters the box through the pipea^ and a pipe c, leadg 
to the condenser. One side of the revolving piston 
lieing formed lik6 a curve, in its passage upwsfrds 
i^ill gradually shiit the abutment valve e, and ai 
this is pressed downwards by the Steaiii from th6 
boiler, (which flows by a pipe trough the valve 
box,) it will slide down the inclined planfe on the 
other side of the piston, until it comeg in contact 
With the inner cylinder, to which the piston ig 
fixed, and will thus form an abutment valve, until it 
is again displaced by the piston in its revolution. 

Mr. John Malam, who has distinguished himself 
M an improver of the apparatus for gas-lighting 

rirposes, arranged Uie parts of his rotary engine in 
different manner t to his outer cylinder^ which 
tetolved, he fixed three valves, and the piston. 
iHiieh may heie he coiiflidiyed tm %M abtilment 



t%h», Wat made of lead^ and of a size that would 
hy its weight make it always remain at the lowest 
part of the cylinder : the three valves in their ro« 
Ration shut as they approach the piston, and when 
they have passed beneath it, the steam forces each 
outwards nntil it comes into contactwith the fixed 
tyltnder, and so on in saccession. In the second 
scheme, there aie three circular drams or cases, 
the outer one forming a jacket to the second, in 
which the inner one revolves. The area of this is 
divided by curved partitions like the float boards of 
a water wheel $ each of these' chambers, in its ro* 
lation, communicates when at its lowest position 
with the hollow axle, through which steam flows 
from the boiler, and pressing upon the fluid, 
fusible metal, or mercury^ forces it up one side of 
the wheel, while the buckets on the other side being 
filled only with vapour, give a preponderance to 
the loaded side, which produces a rotary movement. 
Its principle will be easily understood, by a refer- 
ence to Amonton's wheel, of which it may be con* 
•idered as a variety. 

Mr. Moore produced a rotary motion, by making 
the outer case of the circular channel immove* 
able, and the inner one, which had valves, or pTo«> 
peliers fixed upon it, turned on its axis within the 
fixed case. Steam is admitted by the pipes, «, b, 
frotai the boiler into the steam-channel, and the 
pipes, d, e, also connect the channel, with the 
eondenser; the valves,/, ^7, are opened and shut 
by coming into contact with the angular pieces, 
A, i. It IS obvious, that when steam flows into 
the spaces, a, y, if the spaces, 0, 1, communicate 
with the condenser, that the moveable part of tha 
wheel will perform a revolution on ita axis. The 
ahttation of the different valves in the figure will 
gottcif ntly aspkiii tlieir action. 

3 b 3 
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Sir 'William Congreve't rotary eDgine is Bearly 
identical with that which has been described as 
designed by Bishop, and with the wheel tried at 
Soho in 1805. Steam was admitted into buckets, 
on one part of the circumference of a wheel 
(which was immersed in water)^ while water was 
admitted into the buckets on the opposite part of 
the circumference. This gave a preponderance 
to one side, which was m^e continuous by thn^ 
common mode of valves opening the steam pas- 
sage to the buckets when they were in a given 
position. . In ail projects of this sort it is appa- 
rent, that the water or fluid metal in which the 
wheel revolves, must be kept at a temperature as 
bigh as that of the vapour : this, added to the 
diflicuhy of preventing the steam from escaping 
through the fluid without filling the buckets, were 
objections to this, as they had been to previous 
mechanisms on the same principle. 

The perfection which had been given to the 
lever-engines on various models, left little induce- 
ment to revive the fuel-devouring machine of 
Savery: but Pontifex's additions made it more 
convenient, more precise, as a self-acting appa- 
ratus, and of better symmetry, and more compact; 
so that it might be used in some situations with 
as much economy as even Watt's engine. In 
pumping water for common purposes, all the 
beat that . it acquires in the operation is lost ; 
but where the water raised is intended to be 
heated, this which in common cases is a great 
loss, becomes here a positive gain ; and Savery's 
engine was applied in this roanper, at Paris, to 
raise water to supply some public baths, with a 
decided economy of fuel. 

The next project on the rotary principle, is en- 
titled to a more minute description than has beea- 



giveo pr 9Qnie otbe^ irt«fMa-wbe«l«, from the gtnimt 

care which has been bestowed to carry the idea 
into practice. Its inventor, Mr. Thomas Master-p 
Doan, is a brewer^ whose ale 19 as famous for its 
exhilarating and substantial qualities, as his me* 
phanical productions are estimable for their inge- 
nuity. 

. A ring is divided into six eompartments by means 
of ay mapy valve?, a, b^c, d, 0,/, which are opened 
and shut in onp direction only, by means of a 
)ever loaded with a weight fixed on the axis of 
each; every compartment communiicates with a 
p^pe forming one of the spokes, g, h, »« k, I, m, of 
^he wheel, and running into the nave open on its 
surface, (as shown in figure 2,) and which is ground 
perfectly smooth and flat; to this flat surface 
IS fixi^d another flat plate or mask having three 
ppenings : one of these perforations, 0, opens to a 
pipe 1, leading to the condenser, the second^ y, to 
u pipe S,commgnicatiug witha reservoir of water, 
or mercqryi and the third a;, to a pipe S, coming 
from the boiler. This mask is fix^, and when the 
-firheel revolves, e^ch of the six openings in ila 
9av^ is brQught in its turn opposite each of the 
three openings in the fixed plate** 
. When the wheel is in the situation shown in the 
figure^ the part having the darkest shade is open 
fo the condenaer through the spoke g, comniuni- 
pating with the perforation a, in the mask ; the 
part having the middle tint shade, is filled with 
|te$im, which flows from the boiler through the 
pipe 9, and perfomtion x ; and the partwhich baa 
^he darkest shade is filled ivith water or mercury, 
^hroMgh. the pipe S, and perforation y, communi-' 

f fvliHk»fMUt.AMem^ p. l»> 
3b3 
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Citing with the spoke ; when the wei^hti place th« 
Talves in the situation shown in the figure^ the 
steam in one portion of the wheel is condensed $ 
and as a yacoum is made in the upper part, the 
water rising through the valves on one side of the 
wheel, causes it to revolve : the perforation which 
opened to the hoiler, is now placed opposite to the 
condenser, and that which opened to the conden* 
ser, communicates with the water cistern, and the 
steam flows through thespoke which admitted the 
water, this continues the preponderance 5 and 
the wheel makes a complete revolution. 

Here, it will be obvious^ the power is had by the 
weight of water in the rim of the wheel, and if it 
is worked by medium-pressure steam, the fluid 
column cannot much exceed twenty-eight feet in 
height ; but the horizontal section of tline rim may 
be made of that dimension which will give any 
required power.- It may also be worked with 
high-pressure steam and a column of mercury ol 
considerable height. Masterman erected some of 
his engines on a scale of magnitude, but their use 
has been given up. It was said, that a great deal 
of heat was lost, by the radiation from the great 
surface that was exposed to the action of the air ; 
but a very obvious remedy might have been ap- 
plied — the wheel could have revolved in a non-ra« 
dialing casing : the difficulty of keeping so great a 
number of valves steam-tight was a more serious 
objection, and when used with mercury, it was 
found that the motion of the wheel comminuted 
the fluid metal, so that it rose in vapour into the 
condenser; and the upper surface of the watery 
(which was niuch heated,) when that fluid wasused^ 
exhaled a considerable portion of steam: — ^these, 
however>donot appear objections fo veryiiuuper- 



able as to excuise its ingeniotas author giviog up 
his trials on a beautiful principle to some more 
persevering rival*. 

To those, whose fears were excited at the ex- 
tension of the practice of operating with steam^ of 
a pressure recommended by Trevithic and Woolfe, 
the announcement of an attempt to heat water, 
under a pressure of sixty thousand pounds to each 
square inch, was sufficiently improbable to be con- 
sidered as an impossibility, until the eyes of each 
doubting philosopher should themselves behold 
it. On view, Perkins, an enterprising American, 
was found to have vapour of four or five hundred 
atmospheres more under his controul, than was 
usually thought could ever be had over any which 
was generated under a pressure of four or five. 

It had been long known, that a prodigous in- 
crease of elasticity could be imparted to vapour 
geoemted under a great pressure ; and practical 
inen were familiar with the (act, that the expense 
of fuel to produce this additional elasticity did 
not increase in proportion to the power that was 
gained by it. But in former experiments, the steam 
was always raised in contact with the water from 
which it was produced, which necessarily re* 
quired boilers of a large size, and to give these 
large vesseb the proper strength, was at all times 
expensive, and often nearly impracticable. 

But this ingenious individual followed a new 
tract : he subjected water in a vessel to an enor- 
mous hydraulic pressure, and in this state, ex- 
posed it to a vivid heat; no steam was in contact 
with- it or could escape from it ; when he wanted 
•team, he pumped a small portion of cold water 

* Deicription of MastermaxCs Rotatory SteamrEngine, 
Jjond. 18S3. In this the valves are nov^d ^n a c|iif<}r?ot 
«iAnnex from those of the figure. 



nio XhB cylMec contniniiigr the hMtadi wale% 
«hi«h expelled an equi^ ponioD of hot water inU^ 
an empty vessel or cylinder, and the protnideif 
portion wu imtanUy comoortod mio vapour. The 
pize of his boiler by this inYention was greatly 
jedueed^ and the paving of fuel, stated to be mad^ 
by this mode of producing vapour^ was reprer 
aeated to arise from very little more fuel beii^g 
lequired to beat water at a pressure of five hup* 
drad atmospheres, than it did to heat the sam^ 
quantity at five atmospheres. 

The en|;iaviog is copied from a drawing whiph 
he exhibited in his workshop, and which wa^ 
inserted iq all the periodical publications oi Urn 
day : our references to it will extend no £arth^ 
thaQ to the gonorator and iu appendages. Th# 
generator, or boiler, is a vessel of copper, three 
inches thick a, having a steel-yard yalye &. A 
pipe e, is connected with a small forcing pun^ 
id, the handle of which is loaded with a weight ^ 
and another weight/ actp aji an air vessel,^, a pipe 
leading to the working cylinder. When a portio« 
of water is driven by the forcing pump into the 
generator, the valvi9 b, is raised upwards, and a 
quantity of heated water escape* through it, *^ aad 
instantly flashing into steaip/' rushes along the 
pipe iato the cylinder apd impels its piston focr 
wards ; t if a pipe proceeding tp an indicaimti 
whicli phowp the intenial pressure, on inspection. 

The celebrated Brupd |^e a somewhat novel 
anangen^ent to the par^ of the ppmmon en|itti^. 
And he placed his two working cylinders la a 
position so as to form aa angle of. 109^, an^ 
moved their piston rodp by the aaffie craok* It« 
author^ however, lecommends it, we believe, more 
for its convenience in certain pperatioi^s, thap frpm 
any advantage on the, #{^|^ pf m^usm^^ }^, 



VaoglMiii** atmospheric eng^ine oMiy be deseribed 
as a doable engine on Neweomen'a coBstroctioff, 
ifrhich is formed by using a very kmg cylinder^ 
divided by a diaphragm in the middle of its length; 
each half has a piston, and these are connected 
together by the same rod, a. The top of one 
portion of the cylinder, and the bottom of the 
opposite one are open to the atmosphere ; and the 
pistons are placed so, that one is at the outermost 
extremity of one cylinder, while the other piston 
is at the innermost part of the other. The steam 
is introduced between a diaphragm and a piston, 
while the yapoar beneath the opposite one is 
flowing into the atmosphere. This arrangement 
is nearly the same as that practised by Thompson 
and other manufacturers, when Watt and Bolton 
had the monopoly of their condensing engine. 

Dr. Alban, a physician of the town of Rostock, 
in the Grand Duchy of Mecklenbeig, generated 
steam by means of tubes of small diameter, which 
were calculated to sustain a very g^reat pressure. 
These pipes were Immersed in an easily fusible 
metal, contained in a cast-iron box; this box was 
exposed to the fire of the furnace, and heating the 
metal converted the water in the pipes into vapour. 
The water was injected into the pipes by a 
forcing pump, and at each stroke of the engine, as 
much fluid was thrown into the generators as 
sufficed to produce vapour for the next stroke ;^- 
Alban regulated his injection pump to diminish or 
suspend its discharge according to the pressure of 
the vapour in the pipes; " and when it was wished 
to stop the engine, the forcing pump was merely 
put out of action." In order to prevent the metal 
in fusion from being overheated, Alban also intro- 
duced a regulator, to correct the intensity of the 
fire. This mechanism will be found described 
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Tua coNiTBDOTiON Or aTBtM'BiiqiKU." Thii 
liala bookt vbiehoillbepnnted tocomipond m 
■iia with th<*e aDeodolei, will conUia numaioaa 
ritfe) and laU*i for aaiiating (bose engaged in iha 
conMiuclion and manuracture of ileam-eDgiDea. la 
illuitratioo of ibe text, Dumacoua eogrevinga will 
be given of the pana, in deUil, of niacbiDei ooii- 
tlnmlti bj enginaei) of emiDence. The lulet hav* 
been dnvn from an eiUDiive aeiiei of obaecva- 
lioDi on BigioM in aclual aae ) an4 tbeir appli- 
daliaa by fi/>iit nmh vill ba naade eaaj, bjr tha 
■uthot'a adoptiag a plain niBnDei of Mating iben. 



CHAPTER TWENTT-EIGHTi 



** BXriLD HIM 



A MOHtrMKNT, AND PLAKT IT KOUND WITH SHADK 
or LAVBKL, KVJCKaBXKN, AND BBANCHINO PALM, ' 
VXTH ALL BIS TBOPHIKS HUNO, AND A0T8 INBOLL'D 
IN COPIOUS LXOXND, OR SWKKT LTBIG BONa." 



The eipreMion oF public feeliog, which Waira 

tetiring and modeit habila had ■hrunk from and 
disoourai^ed in his liFellme, found veut at hti 
dealh. The siiniversar;r of hia biilh vai cele< 
brated by the principal inhabilants of Greenock, 
«n the 191h of January, \8t\ ; and a-large lub- 
■criptioD was Bubsequcnttj collected, for the pur- 
poie of erecting a alatne. to perpetuate their admi- 
raijoaofhiavircuei and genius.* 

■ " Sginil of (ha principal iahalnUiitt of GreeuKlc 
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This manifestation of relrpect, although in per- 
fect anisoD with public feeling, could only be con- 
sidered as of a local nature. Public gratitude, 
which had raised statues in honour of poets, war- 
riors, philosophers, and statesmen, selected Watt 
as the first of his class, whose genius should be 
commemorated by the erection, in the metropolis, 
of a monument worthy of the powerful community 
which had so largely bene6ted by his inventions. 
The Kino, the munificent patron of all that is cul- 
tivated and refined, had graciously expressed his 
deep sense of the merits of Mt. Watt, and of the 
benefits which had resulted to the country from 
his labours; and, through a generous participa- 
tion in the national feeling, his Majesty intimated 
an anxiety that his name should be placed at the 
liead of the list of those who had met to hbnour 
the genius of this gifted mechanic. The Earl of 
Liverpool, who was delegated to convey a mnni* 
ficent donation from his Majesty, in aid of this 
purpose, took occasion to observe, — ^* that Mr', 
Watt was one of the most excellent, as well as 

ftortnut paititer, xnresented the soeiety witlt su sdmiMMe por« 
trait of Mr. Watt, now hung op in fheclvb-noiSL."— CLlukivD'a 
Hist. Account^ p. 65. » 

Tlwse ni«chaoio-pUgrims, whose devotion leads them to 
visit Greenock, will find, that in this Tavern they mat Invoke 
the genius of Watt, in a shrine which has been d!68cribed 
as the Temple of Hospitality. Generous wines, exquisite 
mountain-dew, and the very choice of the fatness of the 
land will be spread before them in profusion. After hav- 
ing discharged their duty to the dea!d, they may cross th«t 
Jerry to Helensborg, and offer their homage to the living | 
and from Mr. Hsnbt Bell, thi Fathkh oV NAvicfATioir 
BY Stiam in Etraow, they will meet with the most grati- 
fying attention. In this worthy old man they will observ* 
mechanical attainments of a high order, unitea to a spirittsa 
buoyant and social, that even the pressure of a k>ng senes 
of misfortunes, and the chagrin of publjic neglett, bSV^ n<^ 
b«ea able to depress Qr impair tt« 



nijMfc loxtraoi^ia^ry msn tliatthU connivf bad pro- 
duced; that be was to be niDked among tbp 
greatest beneliictort of roankiDd^ because tbera 
are poo^ wbo deserve more of tbeir country than 
tbose who atjd to tbe productive powers of in- 
dustry; and with respect to his private character^ 
there never was a more amiable or more honour- 
able man." But there was another part of his 
Lordship's address, which gave unfeigned plear 
aare to those who admired the virtues of the living 
statesman, and who felt that his honour, as well 
•8 the glory of their country, was concerned in 
the distribution of its personal national distinc- 
tions.—." If Mr. Walt/* continued the Premier, 
" did not in his lifetime meet with the patron' 
aff§ * and consideration due to his great talents, 

* ** We feel most deeplr therepsrach conveyed in the pat* 
eajM extracted ftom Dupm's Travels in Oreat Britain, that 
•* To a citicen of Olasgnw belongi the glory of having gives 
to iodnatry one of the grettest impnlaes known in the hiatonr 
of the arte. To the improvements invented by the oelebratei 
Watt it ia owing, that the steam-engine is become an nnir 
Tergal inoviag power: no invention ever before comprfr 
hended, within to email a compasa, and at a fourth of the 
•idiaary axMnae, a power so gnat, so constant, so regular. 
In Wad we behold one of the benefactors of his oonntry — y«t 
when I earnestly inquire what brilliant testimony he nas ra^ 
oeived of the national gratitude, my question remains un- 
answered. It appears, tfayat neither king, nor ministers, nor 
parliament have yet disoovered that they owe any tiling ta 
the life and memory of one, to whom the ancients would have 
erected statues and altars. The ashes of the player Oarriek 
reoose under the saered vaults of Westminster, while the 
ashes of Watt moulder in a nook of some obscure cemetery.'' 

** The forcible appeal, says the commentator, to the national 
Reeling was not made in vain, nor suffered to remain bng un- 
answered ; almoat immediately after, M. Dapin has had the 
aatisfactioB of seeing the king's first minister and represea* 
tative presiding and commissioned, by his zoy^ master, ta 
preside at a public meeting for erecting a monument to tha 
memory of James Watt.*'— £ecAam'crira^a«i»«,voL ii. p.S4S. 

Mr. Torser of Godstone, Saney, wlHi whom Wf bsliavs tht 
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it was solely owing to his timplieity of cbaiacf er^ 
the modesty of his nature^ the absence of every 
thing like presnmption or ostentation, and that 
disinclination to obtrade himself, not only on 
the great and powerful, bat even oq the scientific 

affair originated, in repelling the cKazgea made bj M. Dnpia, 
in this extract, and the conunent upon it says, ** withoat de> 
traeting in tlie smallest degree from the eandoorof M. Dupin, 
who has, with the utmost liberalitj, borne tesUmonj to the 
nerits of Mr. Watt, I cannot but feel it dae to those personal 
friends of the latter gentleman, at whose instance the 
measnre was brought forward, to state, that at the time it 
was first agitated, and even at the moment when the pabBe 
meeting took place, M. J>apin's work alluded towas alt»> 
£ether unknown to most, if not to all of them. The matter 
as stated in jour journal implies a national reflection, as if 
4he country at large had not sufficient diseemment to appre- 
ciate their obligations to Mr. Watt's talents, and were 
-equally wanting in gratitode to commemorate tiiem. This 
pubUo meeting was not called br his majesty's ministers , 
they were applied to by the gentleman with whom the mea- 
sure originated, in the hope that a parliamentary grant might 
have been recommended; this, for many reasons, was not 
deemed adrisable ; but the Earl of layerpool and others of 
his majesty's ministers pledged themselTCs to support the 
measure aoopted, and redeemed their pledge by their attend- 
ance at the public meeting — to which abore all they added 
the sanction of his Majesty's approbation." As to the coiir 
eluding paragraph of M. Dupin's charge, Mr. Turner pro- 
perly obsinres, that ** surely the ndghbourhood where Mr. 
Watt and Mr. Bdton liTed cannot be obscure — ^nor could the 
•pot where their ashes repose remain unknown, e-ven if it had 
not been illustrated by the finest work of modem art." — 
Mechanict^ Magaxine^ rol. ii. p. 306. 

lord Li?er]^rs declaration, in the text, is a sads- 
jfaetory refutation of the charve of government baring been 
indifferent to Watt's merits lu his lifetime. " His Lord- 
ship's statement only eave publicity to the fact, which was 
known but to a few of Mr. Watt's friends, that a personal 
distinction had been offered to him. We know not which is 
most to be envied, the feelings of the statesman who had the 
discernment and patriotism to offer a performance of this 
duty, or those of the individual whose telf-denial made hlia 
deciiiie the pnyffered hono^r/* 



SIR BPKraEBT SAYT. ff6§ 

world, oi which he bimeelf was sd greatj iK>bri|^h( 
an ornameDt. I feel much fatisfaction in being 
able, from my own personal knowledge, to say so 
much," 

*' The Archimedes of the ancient world, by hi0 
mechanical inventions/' Sir Humphrey Davy re- 
marked, *' arrested the course of the Romans, and 
stayed for a while the downfall of his Country. 
How much more has our modern Archimedes 
done. He hat permanently elevated the streng^th 
and wealth of this ^reat empire, and his inventions 
have enabled Britain to display a power and re- 
fiourees infinitely above what might have been 
expected from the numerical strength of her popa- 
iatioB. Archimedes valued principally absLraci 
'science. Watt, on the contrary, brought everf 
principle to some practical use, and, as it were, 
made science descend from heaven to earth. The 
great inventions of the Syracusan died with him; 
those of onr philosopher live, and their utility 
and importance are more daily felt : they are 
among the grand results which place civilized 
above savage men, which secure the triumph of 
iaIttUect, and exalt genius and moral force over 
mere brute strength, courage, and numbers." 

Mr. Bolton, the son of Watt's celebrated col- 
league, said, ** that at the period of the construc- 
tion of the first condensing steam-engine at 8oho, 
the intelligent and judicious Smeaton, who had 
been invited to satisfy himself of the performance 
of this engine, by his own experiments upon it, 
had been CMivinced of its superiority over New- 
comen's, doubted the practicability of getting the 
different parts executed with tbe requisite preci*i 
■ioa, and augured, from' the extreme difficulty of 
attainiag this desideratum, that their powerful 
lOCM^hine^ im its iaiprored Uma^ would pevai 1m 

Sq9 
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generally introdticed ; aod the low state of the 
mechanic arts, at that period, fully justified his 
opinion. But a body of woriunen was speedily 
formed, and the parts of the machine were fabri- 
cated with a skill and accuracy, till then unknown 
in the construction of massive machinery. ^ The 
effectual adaptation of the condensing engine to 
the varied operations of our manufactures, and 
•which is now almost a matter of routine, was at- 
tained by the efforts, continued f6r a snccessicD 
of years, of a deeply reflecting mechanical mind, 
and by a series of ingenious experiments througli- 
out the whole scope of British manufacture. In 
this investigation Mr. Watt had the co-operation 
of some highly enlightened colleagues, to whose 
merits and exertions he has paid a just tribute of 
acknowledgment. A power equal to that which 
would require the maintenance of one hundred 
thousand horses, has been furnished from Soho 
alone, and assuming that power to be exerted 
during three hundr^ davs in the course of the 
year, the saving arising from the substitution of 
'steam power in lieu of the exertions of the ani* 
mals themselves, would not be less than two and. 
a half millions of pounds per annum." 
• " I should be wrong," said Mr. Huskisson, '* if 
I remained silent ; for it is a gratification to feel 
.that such a man was bom in this country ; but it 
is a still greater gratification that we lived in the 
same age with him, and had an opportunity of 
enjoying all the benefits and' advantages which 
he, under God, has been the instrument of con- 
ferring. He who doubU Mr. Watt's rights to be 
placed in the first class of men of genius, has not 
properly reflected upon the influence of chemical 
and mechanical science on the moral condition 
of society. By his invention labour was abridged. 
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•ad the manufacture was executed with perfection 
and rapidity; and in the almost indefinite pro- 
duction of every article, the wishes^ the wanta^ 
and convenience of every people were suited. By 
this the moral condition of mankind is improved^ 
for by creating new wants in the minds even of 
savage nations, you infuse new ideas, and a spirit 
of exertion, which will stimulate them to in- 
dustry and an improvement of their condition; 
and if the former savage of Otaheite has now 
exchanged his nakedness for the linens and cloths 
of England; and if the articles of his household 
furniture be changed in the same way, it is mainly 
owing to the facility the steam-engine atfords of 
manufacturing these articles at a cheap rate, and 
with great celerity; and it has thus acted as a 
great moral lever to raise a degraded, and before 
uncivilized, people to a state of comparative civi- 
lization aiid a sense of independence ; and but 
for those important mechanical and scientific 
inventions, making, as they did, a gradual, silent, 
but certain accession to the wealth and industry 
of this country, we might have been obliged to 
sue for a humiliating peace before all the 
energies of Nelson were called forth at Trafalgar, 
or before the military sway of Napoleon was 
broken down by the Duke of Wellington, and the 
seal • set to the peace of Europe by the battle of 
Waterloo." 

. " I may refer," says Sir James Mackintosh, '* on 
this occasion, to one of the greatest philosophers 
this country ever produced,— my Lord Bacon, who 
in his New Atlantis, a work, I believe, but little 
lead, describes a voyage to an imaginary country, 
in which he mentions what he calls Solomon's 
hoofle, and sonietiines the college of the six-days* 
•woiks* |a that house he descxibes a magnificent 
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fitlterf hx mem of tcieoee, a part ol wfaick ufllUii 
liith the statues of inventors. The great and un<« 
nvaUed wisdom of that philosopher did not dia-» 
ilain to place, among the first rank of the cuUi- 
rators of science, those inventors who benefited 
their country by their inventions. In one place 
was seen the inventor of glass, in another the in^ 
veotor of the management and use of the silk- 
Wprob What place, I would ask, would my Lord 
Bacon have given to Mr. Watt had he lived in hia 
time ? He would undoubtedly have placed him 
•t the head of all inventors of all ages. That 
great philosopher goes on to state, that wherea* 
lawgivers, extirpators of tyrants, fathers of their 
country, and the like, are honoured as demigods* 
inventors are honoured with the title of gods. 
But sixty years have elapsed since the intr^uc- 
tion of this great power, and a much shorter sioica 
Mr. Watt applied it to the purposes of practical 
utility; let us look over the ^lobe, and we.now 
find its powers every where m motion, in tho 
bowels of the earth, upon the highest mountains, 
upon the face of the waters; all the great riveu 
of South America are now navigated by steam, so 
that the savage who inhabits the forests of Guiana 
becomes alarmed at the appearance of a monster* 
which makes iu way upon the waters, without apr 

garent effort or njoral agency. If so much ha» 
een done in so short a time, what may not a 
sanguine hope whisper to itself as to the future. 
I entertain trembling hopes which I would not 
wish to expose to the eye of the soorner, but I 
leel that still nobler things are reserved in the unr 
i)pened volumes of destiny.'' Mr. Brougham felt 
f that he might safely call on those who were acv 
quatnted with Watt's domestic habits, to beac 
iestimopjr to bis pwaAm worth; aotiuiig/' be con^ 
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tiiitied, ** coald be moie pure^ more aiiiiple, or 
more scrupulously loving of justice, than bis cov* 
duct in every situation ; it was hard to say which 
was most to be admired^ the extent of his under* 
standing) or the nicety with which he was able to 
reduce it to the smallest circumstances, — ^while it 
could expand to the greatest designs, it could at all 
times descend even to the niceties of verbal or 
classical criticism. He was eminently distln* 
guished, too,by the total want of jealousy in all hit 
proceedings; he was conspicuous for ambit care- 
ful self-denial in all his actions, lest he should 
appear to be desirous of appropriating to himself 
the honour that was due to others. It was this 
that always made him decline what every body 
was willing to concede to him, the honour of 
being called the inventor of the steam-engine— 
contenting himself with the title of its imj^rover^ 
though to doubt of his right to this honour were 
as absurd as to doubt the original genius of Sir 
Isaac Newton, because Descartes in one line, and 
Galileo in another, had preceded htm. Mr. Watt 
took peculiar delight in adjusting the conflicting 
claims of others to scientific discoveries, and giving^ 
to each individual his due, and though he was a 
man of the mildest temper, he was always ruffled 
by adulation towards himself, or ascribing to the 
genius of one what was justly the property of an- 
other. It is to do honour to all these rare excellen* 
cies of character that we are now assembled to vote 
a monument to his inemory; not that a monument 
is wanting to immortalize him, for his memoij 
will be as lasting as the power which he subdued 
to the use of man ; but to consecrate his example 
before the world, to hold forth to others, that a 
man of transcendent genius cannot better employ 
iti tba^ in conferring a benefit on all mankind s 
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fiii4 frbetf* o«r Uiq monviaeiit ol tbwfVMit Mn be 
jnofe flppropriat^ly placed, than io a temple of 
that teligioQ which teaphei peace to all. Tba 
tefttples of (be pageant 'trere adoraed hf ttatuet of 
warf iDrs> who dealt desolation on their race | bat 
OQii ^ball be graced with the ttatues of thoie who 
have eontribated to the triumph of humanity 
•ad aeieace i and, among others, to him who hat 
aabieved what has been an honour and a benefit 
Io the hnman race." 

Mr. Littleton bad endeaToursd to ascertain data 
from which to estimate the total saying made by 
steam-rengines. The number of steam-^engines 
sAf be- near the maik if stated to be about teo 
thousand i and taking these, on aa average, to be 
about equal to twenty •'horse power each, we have 
two hundred thousand horses acting together for 
a total power employed in manu&ctures, minesi 
Ac. during a period of from ten to twenty-two 
hours fptr day t there must have been from two 
to two and a half sets of homes to perform a woik 
af this descripUoa, which would raise the total 
number to between four hundred and five hundred 
thousand horses. The difference of cost between 
the coals eoosumed by these engines and the keep 
of that number of horses would amount annually 
to above twenty millions of pounds sterUi^. If 
the calculation were carried further to the saving 
in actual labour, there would be a iesult almost 
incredible. 

Mr. Peel observed, ^^ that he was one of the 
Qumberless persons who had derived a dimct per>« 
sonal benefit from the inventions of Mr. Watt,.*- 
froin the cotton trade, vrhich had received fresh 
life and spirit from the introduction of the steam-* 
engine t before the year 1700, the manofaetoriee 
had axisted in remiote districts* and depeadod 



Almost entirely on the exertion of ^nlittftl Otf Watet 
power I but the improvement of the steam-engind 
ttansported the factories, from wild and inaeces^ 
sible places, to towns and cities, and enabled 
every branch of the process to be united under 
the same roof, so that in a wofiderfally short HmH 
the raw material is converted into the finishe<i 
eloth. When I recollect what took place thirty 
years ago, and look at the fortunes that have been 
made, th6 towns that hare sprung into existence^ 
I cannot but offer my unfeigned admiration to the 
genius which has produced this effect* I feel 
that the clasS of society, from which I have risen, 
has been ennobled by Mr. Watt's genius ; but ii 
is less on that account than of the honour which 
he has conferred on the whole nation^ that I joiii 
in the wish to see his statue among those of out 
illustrious dead." The Earl of Aberdeen, Mr. 
Frankland Lewis, and Mr. Wedge wood expressed 
their entire concurrence in the opinions of thosd 
who had preceded them ; and Mr. Wilberforc(i 
congratulated the Earl of Liverpool, that his pre^^ 
siding on this occasion was a proof that his Lord-^ 
ship recognized the proper use that was to be mad^ 
of superior rank and station. ** It is the glory of tli« 
country in which we live — a glory, to which, ill 
the whole history of the world, no country was 
ever before entitled in so eminent a- degree— that 
individuals, by the honourable exercise of their 
own superior talents, and virtuous industry^ may 
rise to the highest rank, and most abundant 
affluence* It is to the free constitution of thii 
country, it is to the enjoyment of equal laws, that 
we owe these blessings ; and many an ingenious 
man, in a humble and obscure situation, may b« 
cheered and animated in his toilsome and ex« 
boofftiug course^ by calling to mind this day's pro* 
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ceediPfiy and by feeliDg that» by travelliog the 
Mune path which he travelled, whose geniui we 
have assembled to commemoiate» he will reach 
the same goal of glory and honour." 

Meetings to co-operate in the same gratefal 
work were shortly afterwards held at Manchester^ 
Edinburgh, and other places. In that which 
was held at Glasgow^ Professor Jardine said^ that 
" though men of genius may be said to be pro- 
perly of every country, those of the same country 
consider themselves as having a particular interest 
in th^m. We have a particular interest in Mr. 
WaU ; he belongs to this part of the country by 
birth and education; and we feel, like others, 
•ome shade of conscious pride in this claim of 
oars, as to whether there should be separate monu- 
ments in different places, or one great, and mag- 
ni6cent one in the most appropriate place : I 
acknowledge, my leaning is to one great, magni* 
ficent, and sublime monument whicn shall com- 
mand the attention of all. I am for a monument 
which shall be durable, and such as shall wear 
out the teeth, as has been well said, of envious 
Time ; " but after the meeting was addressed by 
the (A>rd Provost, Mr. Henry Monteith, Mr. Kirk- 
man Finlay^ Mr. James Ewing, Mr. William 
Smith, Doctor Thomas Thomson, Mr. Henry 
Houldswortb, and Doctor Andrew Ure, it was 
resolved, that, in consequence of the early con- 
nexion of Mr. Watt with their city, they should 
erect a aeparate monument to perpetuate the cir- 
cumstance — ^not that fifty years ago the corpora- 
tion had expelled him from its jurisdiction, but 
because since that time his fame had grown so 
great, that it reflected honour on themselves as 
living in the same city of which he also in his 
youth had been an inhabitant. 
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If national distinctions are conferred with the 
view of exciting emulation^ yet there are few 
principles in legislation founded on a surer basis^ 
than those leaving individual enterprise solely 
to its own exertion for its ultimate reward. To 
remunerate^from public sources^ the loss attending 
a failure in projects undertaken with the spirit, 
and for the purposes of individual gain, were to 
hold out a premium to a defective, or a too 
sanguine, judgment; and yet there have been 
cases, in which an undeviating observance of this 
salutary maxim would have been as unfeeling to- 
wards individuals as impolitic to the best interests 
of the state. 

Prompted by this feeling, exceptions have been 
made to the general rule, and some projectors have 
been looked on with favour, who, by their own act, 
were beyond the pale of any claim whatever to a 
compensation from the public ; for by entrenching 
their right with a patent, they virtually refused to 
the community any participation in the benefits 
arising from their invention, excepting with a 
reservation of emolument to themselves. Govern- 
ment has even sanctioned a grant to a patentee, 
after the expiration of the renewed term, which 
Parliament had extended to the duration of his 
patent, on purpose to assist him in reaping per* 
Bonal benefit from his ingenuity; although that 
extension was all that a patentee could claim, 
and, it may be added, was all that, under any 
circumstances whatever, the most liberal govern- 
ment ought to have bestowed. 

Other exceptions to the general principle have 
been made on less objectionable grounds ; for in- 
stance, where the improvement was of importance 
to the public, but was of such a nature as to render 
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it impossible to protect ao eielusive • interest 
in il — afier a patent bad been ^ranted| a fair 
ckim was urged to some compeosaiion. In an-* 
other case ihs ifidemnity sought was for a pro- 
ject, also of moment, which had been thrown 
open to the public, wiihout the inventor applying^ 
for a patent at all. fi^y, parliament has even re* 
warded an individual, who had previously accu- 
mulated a fortune by carrying his improvement 
into practice. The grant to the improver of our 
roads was made under these circumstances; in 
Mr. Macadam's case there was no exhibition of 
genius or inventive power. This imJefatigable 
American did not even claim any originality ia 
bis practice. 

The most extraordinary circumstance con«» 
nected with the generous interposition of public 
sympathy in softening the rigour of a principle, 
where its operation might press with undue se» 
verity, is that very few diemonstrations of thia 
compassionate feeling have been made in &vour 
of that meritorious class^ from which alone all 
candidates Cor public reward should be taken^«« 
from among those who, either from poverty oc 
jpatriotism^ had not taken legal steps to appro- 
priate the benefits of their improvements to toem- 
selves; but after having exhausted their re- 
sources in experiments, of which their country 
was reaping the benefit, they y^ere left to pine in 
indigence and in obscurity. In our own time, the 
benefits flowing to the nation from one improve^ 
ment have been so splendid, as even to obscure 
the name and services and merit of the very man 
by whose enterprise it was introduced, and who 
has only reaped ruin from what has made the for« 
tunes of manyi and added to the enjoyment «n4 
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cotivenieoce of htindreds of thousands of his 
Cotemporaries. 

One of the topics which forcibly arrested the 
adtniratioD of all those powerful and learned 
persons, who paid their homage to the genius o^ 
Watt, was the introduction of steam-power into 
navigation. Are they too sanguine who see in its 
further development a g^reat revolution in naval 
tactics— in the attack and defence of kingdoms — 
in the importance of ancient maritime stations— 
in the increased energy given to internal Im- 
provement — in its international effects^ uniting 
countries and places which Nature had dis- 
joined, and which natural causes would for 
ever have acted to continue the separation; 
** gathering in, as it were, the nations in har- 
mony with each other, in love and unity and 
peace and concord ;** already a power, probably 
equal to a sixth part of all the steam-engines in 
being, is appropriated to propelling vessels. At 
the end of 1823, there had been ninety steam- 
boats &m7f tn iSco^/aW, the cost of which, ave- 
raging about four thousand pounds each, will give 
an amount of three hundred and eighty thousand 
pounds of sunk capital; of that number forty- 
nve were sold ttom the Clyde. In the year pre- 
vious to ihiSt fifty-five steam-vesseh were plying 
in Scotland, thirty-two of them belonging to the 
Clyde : supposing these fifty- flv6 vessels to em- 
ploy five hundred and fifty men and officers, their 
yearly wages will amount to thirty-two thousand 
pounds; the coals consumed to thirty-two thou- 
sand; harbour dues, six thousand five hundred 
pounds ; tear and wear on all the boats, twenty-two 
thousand pounds; profit on capital invested at 
ten per cent. : altogeither, this is an annual dis- 
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bursemeot, which proves the receipt of one hun- 
dred and foorteen thousand pounds per annum 
for the fare of passengers on the rivers of Scot- 
land; and if we only estimate each passenger 
to pay four shillings, this will give nearly six 
hundred thousand persons who, in one year, have 
availed themselves of the convenience of a steam- 
boat. 

But if we extend the calculation to all the 
steam-boats in Britain, the result will be alto- 
gether magnificent. At this moment the capital 
sunk will not amount to less than three millions, 
and the annual income must exceed six hundred 
thousand pounds annually ; and this amazing pro- 
gress has been made in a period of not more than 
nine years, and steam navigation is still extending 
so rapidly that we are justified in considering it to 
be, as yet, in its infancy. At present, we may 
have an idea of its direct extension, but who 
can tell the ramifications in which it already be- 
gins to influence every thing in the nature of com- 
mercial intercourse. Yet in this glorious race, the 
original father of the design, Mr. Henry Bell, 
was fated to be not only distanced by his rivals, 
but to be ruined in the competition^ and reduced to 
indigence. His own account of his misfortunes 
pleads forcibly in his favour: — " I opened up," 
says Mr. Bell, *' most of the diflferent stations where 
steam-boats ply, and all this single-handed. I 
sold the first steam-boat that went to London, 
and also the first that went to France. The 
Comet was lost on the 15th of December^ 1820, 
on the west coast of Scotland ; and, on the 9th of 
September, ]821,another steam-boat of mine was 
burnt down to the water's edge on a Sunday morn- 
ing, while lying at anchor. Neither of the two 



■It. BBLL. 581 

vere insared ^ and, Independent of ihia, t Mpe- 
rienced a great loss, in opening up all (he different 
grounds single-handed, which as soon as they 
y^ete seen to pay, induced large and powerful com- 
panies to embark in steam-boat speculation, with 
larger boats and greater power, so that they could 
go quicker, and, of course, I, and my steam-boats, 
-were left behind j but I have almost served my 
day and generation, as my supply of fuel is now 
getting small, my steam is getting weaker, and, at 
last, my capacity of making way must cease. I 
have been these six months laid up in dock un- 
der repairs, but should the Head Carpenter give 
the order that all is right, I may once more be 
launched afloat." 

Mr. Bell was happily restored to health, but a 
renewal of physical strength brought no acces- 
sion to his pecuniary resources ; and since that 
period, it is feared, they have not been in a more 
prosperous condition. One hope, however, may 
still be cherished, that should his case meet the 
eye of any of those powerful and generous 
persons^ who did themselves and the coun- 
try so much honour, by the zeal with which they 
eulogized the inventions and merit of Mr. Watt, 
they may be induced to extend their assistance in 
bringing the claims of a neglected and deserving 
man before the public; for, next to the great 
improver of the steam-engine, he may be con- 
sidered as that individual who, in Europe, led the 
way to its most important application. A 
FARTHING ONLY from each person who, dur- 
ing one year, made a voyage in a steam-boat, 
would place this meritorious and worthy man 
(the moderation of whose wishes is said to be 
eqaal to bis other merit) in a situation to look 
^ 8d 8 
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is hi) useful, but chequered, life ap- 
is natcial lenninatiou, penury may not 
o neglect in imbutecing iu final cloae. 



CHAPTER TWENTY-NINPI 



*' KATITRX IN HXR PSODUCTIOVS SLOW, ASPIAES 
BT JUST DEOKEES TO BEACH PEBVBCTION^S HEIOHT ; 
SO UlUtO AST WOSKS XiEISTTBELT TILL TIME 
IMPROVE THE PIECE, OR WISE EZFEBIKlTCt OIVK 

THE PBOPEB PiNisuiNa." SomervUc, 



A siKiiULAR aitenipt to deviate /rom tlie bealei 
track, aod employ another agent than Bleam to 
raise a piiton, waa mode in 1T9I, by Mr. Robert 
Street, who deicribed an apparatus, in n>hich lur- 
pcDline falling on a hot iron waa raised into va- 
pour, that was arterwarda inaamed in a cjlinder 
beneath a plalon, which was railed by the impulse 
of Ita eipansion. Street considered this could be 
used as a prime mover, with aa much economy as 

A Biitl better application of a similar idea was 
made by M. de Rivai in 1807. A cylindrical ves- 
sel 4i inchpa in diameter was fitted with a piston. 
At the bottom of this cylinder was a stnaller one 
alao fitted trith a piston, the rod of which de- 
acended. downwards, and was attached to the 
middle of a horiioDtal lever, by which it might be 
moved upwards or downwards. This piston had 
a perforation which was closed with a valve 
opening downwardti from the top of the small 
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cylinder, a short tube passed horizontally oat- 
vards, having a skin bag filled with hydrogen gas 
fixed at its external end. This tube had also a 
cock with two passages, one of which admitted 
the hydrogen, and the second common air, and 
its third position prevented all external commu- 
nication. 

To charge this apparatus with the explosive 
mixture, the lower piston is to be raised by the 
lever until it touches the upper piston, which will 
cause all the air between the two to be expelled 
through the lower valve, which is to be opened 
for that purpose. When it is made to descend, 
the cock in the horizontal pipe is opened, and it 
will draw in at pleasure a quantity of hydrogen 
gas, and of common air, in the proportions of sixty 
inches of hydrogen, and one hundred and twenty 
of common air, or thirty inches of '* vegetable 
hydrogen," mixed with one hundred and eighty 
inches of common air, sufficient to work a piston 
of eleven pounds weight regularly. De Kivaz 
moved a locomotive carriage by the power 
he derived in this manner : he also inflamed 
the gaseous mixture, by transmitting the electric 
spark to a button, from which it was conveyed 
sideways through a thick wire, to a plate at the 
bottom of the upper piston; *' the explosion in- 
stantly took place, and the piston was driven far 
upwards, when the dose of the fulminating mixture 
was sufficiently powerful.'* The apparatus, it is 
clear, may be charged with any kind of aeriform 
and concrete substances capable of explosion. 

For this scheme a patent was granted by the 
French government in 1607, but it was not pub- 
lished before 1894, four years after the period 
when an idea of procuring a motive power from 
the inflammation of a mixture of air dnd hydro- 



gen, va^ carried into practice by the Reverend 
Mr. Cecil of Cambridge. In 1820 thii gentle- 
man exhibited a model of hia machipe^ and ia 
the same year gave a minute and detailed de- 
scription of its construction and effects, in the 
^* Transactions of the Cambridge Philosophical 
Society.'* From this lucid account the description 
a;)d drawing is extracted; indeed^ nothing caa 
be fuller or better developed than this 6ne essay, 
which considered as the production of one whose 
ordinary pursuits are far removed from those con<* 
nected with the combination of machinery^ it ip 
one of the most estimable first attempts with 
which we are acquainted. 

'* It may safely be laid down," say/s Mr. CeciU 
'^ as a principle^ that any explosion may be safely 
opposed by an elastic force, (the force of con* 
densed air for example,) if the elastic force ha9 
little or no inertia connected with it ; on the con- 
trary, the smallest quantity of inertia exposed to an 
exploding jaainiure fully ignited is nearly equiva«> 
lent to an immovable obstaclOf Thus a small 
quantity of gunpowder, or a mixture of oxygeA 
and hydrogen, may be safely ignited In a large 
close vessel filled with air ; for the pressure of the 
exploding substance against the sides of the vessel 
can never be much greater than tbe elasticity oi 
the air which it condenses. 

'*' If a small quantity of c^rd^ or a piece of paper, 
be inserted in the middle of a gnn charged with 
powder only, the gun will commonly burst upon 
being fired: for in this case the powder after 
being fully ignited comes to act upon a body at 
rest having inertia; and such a body cannot be 
moved out of the way in an indefinitely small time, 
without a force indefinitely gre^t; Qiii is equivft* 
lent io Aft immovable obstiiGie, 
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" Of all exploding mixtures, therefore, having; 
the same field of expansion, those are the most dan- 
gerous, and the least adapted to produce a moving; 
force, which are ignited with the greatest rapidity. 
Thus a mixture of oxygen and hydrogen, of which 
the ignition is extremely rapid, is far less adapted 
for such purposes than the mixture of common 
air and hydrogen, which is ignited more slowly. 
There is scarcely any exploding mixture which is 
ignited so slowly as gunpowder; this, therefore, 
notwithstanding its great force and field of expan- 
sion, is peculiarly adapted to produce either mo- 
mentum or moving force : but great care must be 
taken to place the mass opposed in close contact 
with the powder, so that the exploding force may 
begin to act upon it the instant the ignition com- 
mences, and that the action may cease before the 
ignition is completed. In a common musket, if 
a ball be placed at a short distance, the gun will 
burst, as it becomes an immovable obstacle. It 
is here supposed that the exploding mixture has 
itself no inertia, or that it is capable of following 
VI p the body, on which it acts with a velocity in- 
comparably greater than that body can acquire." 

A small steam-engine, not exceeding the power 
of one man, cannot, Mr. Cecil found, be brought 
into action in less than half an hour; and a 
jfour-horse engine in less than two hours prepa- 
ration. The engine in which hydrogen gas is em- 
ployed to produce moving force, was intended to 
unite two principal advantages of water and steam, 
so as to be capable of acting in any place without 
the delay and labour of preparation. 

*' The general principle of this apparatus is 
founded upon the properly which hydrogen gas 
mixed with atmospheric air possesses of exploding 
upon ignition, so as to produce a large imperfect 
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Vacuum: if two and a half measures, by bulk, of 
atmospheric air be mixed with one measure of 
hydrogen, and a flame be applied, the mixed gas 
will expand into a space rather greater than three 
times its original bulk. The products of the ex- 
plosion are a globule of water formed by the 
union of the hydrogen with the oxygen of the 
atmospheric air, and a quantity of azote, which 
in its natural state constituted 1.556 of the 
bulk of the mixed gas. The same quantity of 
azote is now expanded into a space somewhat 
greater than three times the original bulk of the 
mixed gas; that is, into about six times the space 
which it before occupied : its density, therefore, 
is about one sixth, that of the atmosphere being 
unity. If the external air be prevented, by a 
proper apparatus, from returning into this im- 
perfect vacuum, the pressure of the atmosphere 
may be employed as a moving force, nearly in the 
same manner as in a common steam-engine ; the 
di (Terence consists merely in the way of forming 
the vacuum. 

*' Any quantity of pure hydrogen gas will pro- 
duce more than five times the effect of the same 
bulk of steam, and in practice their disproportion 
IS still greater. It is here supposed that steam 
produces by condeivsation a perfect vacuum equal 
to its own bulk, but this is far from being the case ; 
much of the power is lost by needless condensa- 
tion, by the escape of steam through the piston, 
besides a considerable deduction for working an 
air-pump, and two water-pumps^ which are neces- 
sary to a steam*engine : if a close cylinder, ten 
inches long and two inches in diameter, be made of 
thin tin, seamed up one side, and close soldered, 
the ends being well secured, it will easily sustain 
irithout bursting the whole force of the exploding 
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mixture : the intproal prpssure ag^ioit the sides oC 
the ves««l, io this case, is about one hundred 
and eighty pounds to the square inch, of twelve 
atmospheres nearly ; but if an explosive mixturd, 
having a pressure of twelve atn^ospheres, be al- 
lowed to expand into a space rather more than 
three times its original bulU, its initial force is at an 
end) <|nd it balances t^e weighs of the fitmosphere 
eqf)al to fifteen pounds on the square inchi for the 
exploding force varies as the square of the space 
occupied by expanding ^qid. The mo^^l of this 
gas engine was found tp work very free)y when 
hydrogen did not exceed que fifth of the mixed 
gap ; but its greatest effect w^s obtainied when hyr 
drqgen formed two sevenths of the mij^ture." 

A» B} C^ D, a long, n^rroiy, vertical cyIind^r, 
divided ipto two parts at at 6,^, 90 that the upper 
part A, Q, a> b, may be one thir^ P^} ^^ (he whole 
cylinder. In the partition^ a^ 6, ^, is ?i large cir- 
cular hole, covered by a' choke yalve, tMrning 
upon 4n axis a, b, which passies through a small 
stufiing-box at a, on the side of the cylinder, ^i 
the point Sf in the axle 6, a, produced is an up- 
right handle e, /, connected by a crpss bar, /, r, 
with the lever q, r, g, moveable about g. In the 
tipper division A, 3; a, b, of the cylinder, is ^ 
pistQB g, h, hi connected by two upjri^ht rods F,!!, 
G, ^, joinled at their extremities with the bpri- 
9onta) frame N, L, H, moveable about the fiyed 
axle \4^ M' The frame is cppnec^ed at the point 
N, with a crank on the axle P, Q, which carries % 
^y wheel at P. Immediately above tljp paftition 
o, b, dy a pipe «, g, enters the cylinder from j| ves- 
9el cpntaining hydrogen gas, which is mixed with 
pommPP ajr by an apparai^s ^Irea^y described, 
tJpPB the pipe p,o, is a stpp-cocky which \s opened 
uppn the appvisp of th^ pistoo to the partitipf^ 
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lit asraiti upon its ap^u1«e io thfe tbb 
•. At C, Di is a light valve R, S, T, 



a, ft, d, and iAiixi 

of the cvlinder. 

described above, moderately air tight and opening 

downward*. 

The piston, during its accent, draws in from the 
pipe n, 0, a charge of mixed gas, which is ex- 
ploded on the appulse of the piston to the top of 
the cylinder by the flamb of a gas-light absorued 
At the tbuch-hole c, which is opened for a single 
instant by the motion of a small sliding platb. 
The common air is expelled from the lower divi- 
9\bh tf , 6, C, D, of the cylinder at the valve R, S, T, 
leaving an itnpert^ct vacuum density, one sixth in 
the whole cylinder. A, B, C, D. The piston de- 
scends from «=* A, to rt, by the pressure of the at- 
mosphere, and is raised again by the momentum of 
the hy-wheel, being followed in itil ascent by a 
fresh portion of mixed gas, drawn in from the 
pipe n, 0. The upper division A, B, a, b, is a 
cylinder of bra^s, accutately bbred ; the lowet 
division o, 6, A, C, D, requires no accuracy bf 
bore and but very little strength. It may, there- 
fore, be made of sheet copper, with a strong flange 
at the bottom, presenting a flat face tb the valve 
R, 8, T. To remedy the lioise which is occa- 
liioned by the explosion, the lo^er end of the 
cylinder, A, B, C, D, may be buried in a well ,* or 
it mav beencloied in a large air-tight vessel i thift 
vessel will be filled With condensed air, expelled, 
together with a titiantity of water from the cylln* 
der a, 6, C, D. Thiii condensed air may be made 
to cb-operate With the vacuum in working the 
engine, and will occasion a considerable increase 
of power withbut adding to the friction. 

" In the model, power is had from the pressure 
of the atmosphere upon an imperfect vacuum ; but 

' an engine may be construbted tb work with an 
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exploding force only, or by the eiploding force 
aod pressure of atmosphere jointly." 

The manner in which Mr. Samuel Brown pro- 
duced a power, from the inflammation of a mix- 
ture of air and hydrogen gas» was similar io his 
first trials to the method shewn by Cecil:, but 
here his second and greatly improved mechanism 
will be selected for description. 

The inflammable gas is conducted by a pipe a, 
to a burner c, fixed in a cylinder c, which is in- 
closed b^ a another cylinder J, having a groove 
made at its upper part, into which a cover e falls ; 
this cover has a small valve n opening outwards. 
The pipe / opens a passage for the atmosphere, 
and the inner cylinder c ; <7 is a vibrating lever to 
which the covers are attached ; h another vibrat- 
ing lever or cylinder, which acts to open and shut 
the cocks on the pipes/, a; t, a pipe proceeding 
from the inner cylinder into a reservoir; k, I, two 
rods attached to the greater vibrating lever, having 
hoUow floats at their other extremity, which rise 
and fall in the reservoirs m, m ; o, o, valves 
opened by the rods p, p; 9, a valve on a pipe r ; 
s, a pipe proceeding from the gas pipe at both 
ends ; the gas is kept constantly inflamed. Gas is 
admitted through the holes in the burner c, and 
flowing into the open cylinder mixes with the air, 
and at the same time the valve q being opened, 
the flame communicates to the mixture of gas and 
air in the cylinder — at the moment of inflamma* 
tion the cover is pressed down, and the valve q is 
closed, a part of the heated air escapes through 
the valve in its top ; the water from the reservoir 
rises up the pipe r, and flows into the inner cy- 
linder, whence it escapes through the pipe t upon 
a wheel, or into a reservoir; during this operation, 
the cover of the other cylinder is being lifted up, 



fdr tli& water id ih& pipe u, /Sailing into w, raises 
the hollow float in th^ reservoir m, and in its as- 
tent the tappets fixed dpon it Open the valves on 
that side of the mechanism, And reversing the posi- 
tion of those which have just been described, bring 
the parts of the opposite cylinder into action^ and 
thus continue the working stroke of the engine. 

The inventor also explained a method of work- 
ing pistons, by making a vdfcuum iti each cylinder 
alternately, either above or bt^low them. 

Brown, although he failed iti introducing hiti 
machine, received liberal assistance in establish- 
ing its powers, by elperiment'on a large scale. 
A company was formed to carry the scheme 
into Execution, and ample funds were placed, 
for that purpose, at the disposal of certain indi- 
viduals of respectability. The trial was made 
in the presence of these parties to move a boat^ 
and they were perfectly satisfied that, as far as the 
power went, it was as eiTective and precise as 
steam. But in their opinion the great expense of 
the gas would entirely prevent its coming into 
competition with steam, as an economical power; 
and, from the nature of the machine, it must on 
this account yield even to Newcomen's engine. 
The construction of the machine, and especially 
the inflammation of the gas in an open vessel, pre- 
sent many difficulties to a correct explanation of 
the means by which the effect .was produced; 
much that has been written on this subject is 
mere conjecture, and the discussion added no new 
facts or reasonings to those contained in Cecil's 
description of his model. They who are seeking 
information, with regard to the peculiarities and 
advantages of a motive power produced by the 
inflammation of a mixture of air and hydrogen 
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ga*,will find it worth their peins to refer (o Cecil's 

Id adjusting tbe claims of Cecil and Brown, 
thefirat it must be remembered exhibited and de- 
scribed his model in 1820. Brown said nothing 
of his befori! 1823, and a greater time elapsed 
before liia model was eihibiled to the public ; but 
if priority uf idea be due to the machine of the 
Kcholar, Brown's supplies parts which make it 
more practical. And though the claim of inven- 
tion lesls with Cecil, Brown must be commended 
for his emendations. Bj producing combustioD in 
an open vessel. Brown insured llie most perfect 
aafely to the apparalusj but probably this alter- 
ation cannot be considered to have been aa im* 
provement, when viewed with reference to the 
economical application of the exploding mi;tture. 
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*' TBK7 WHO AIM VIOOBOUBLT /LT FERrZOTIOK, WILL COME 
VEAREB TO IT, THAN THOSE WHOSE LAZIKESS OB DESPOND- 
ENCY MAKES THEM OIVE VP ITS FORSOIT, FBOM THE FXXLIN(} 
OF ITS BEIKO V1XA.T'£AlVABhli,**^ChesterJield, 



Mr. Fadadav, in hia eiperimenls nn the com- 
pressibilily of the gases, found thai liquid car- 
bonic acid Bt a temperature of 32° eierleiJ an 
expansive power equal to that of air compicised 
vilh a weight of lliirly-Gve atmospheres; and 
that an ioctease of heat of from 19° to 3S° gave 
a difference in eipanaive power of nearly thitleen 
atmospheres, and at higher lemperatuces ihe 
increase was upwards of Iweke pounds weight, on 
each inch, for every additional degree of heat. 

The task of turning thia amazing elasticity into 
a means of obtaining a porlabte and powerful 
mechanical agent waa delegated to the celebrated 
fabricator of the block machinery ; and Brunei's 
was a very simple mechanism. The fluid gas was 
heated by meana of pipes filled with hot water or 
aleam ; and cooled by alloning cold water to flow 
through the same chanoela, and (he difference 
in volume between the fluid gas at the two lem- 
peraturea will be the paver developed in this 
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Brunei arranged five cjrliodersi so that the two 
external ones should contain the fluid gas ; the 
next two were what he called expanding vessels, 
and the middle one the working cylinder fitted 
with a piston. 

The receiver at is a vessel of thick gun metal, 
firmly closed at top and bottom,* thin copper 
pipes 6, hf pass through it, which terminate at top 
and bottom, in a chamber c, e. These chambers 
have a communication with two pipes, e,/,^, h, 
the pipestf, </, supply cold water, /,A, hot-water 
or steam ; the cocks t, k, shut off the com- 
munication between the one Set of pipes, and 
open it with the othetj the cock m opens or 
closes the passage of the fluid gas, to flow into 
the expanding vessel n, in which o is a float, rest- 
ing on the surface of the oil, and p, a pipe con- 
ftectinff it with the workifig cylinder q. 

In the figure, the hot water is flowing through 
g into the chamber c, and thtenCe through the 
pipes into the receiver, and escapes through the 
pipe h. The flbid gas beihg heated, is expanded 
and flows into the ve^^el Yi, which forces the oil 
downwards through the pipe py into the working 
cylinder, and raises its pthtdn; the cocks are now 
turned, afad cold Watet flow^ through pipe a, 
into the chambei* e, into the pipes inserted in 
the ga&, atid the voldtbe of the gas ii then dimi- 
nished. At the same tim<$ that this operation 
was reversed, the fluid gas In the opposite cylinder 
Was heated in the same manner^ but thfe expansive 
Vessel communicated with thte top of thte cylinder, 
and it was thus pressed do Wti wards, and the cooled 
gas in the cylinder was again forced from the ex- 
panding vessel into thfe first cylinder, to be heated 
ivhen the piston had mad^ its moveinent,* the cold 
water wbuld also be introduced in its turn into 
the second vessel. 



Even in hap^s bo noted for ing^enuity^it 10 still pro- 
blematical whetheip t^e expanse of lie^t may pot 
be as great on this ^9 pn any other arrangement. 

Barton's piston is ^n improvement on Cart? 
'wright'g, and is much |p use. Its n)ost approved 
construction vjH be @hew4 ip the Treatise tm 
the Principles qtfd Comtptcfio^ q^ Steam- Evgin^s^ 
^essop's is a spiral hoop to wrap round hempei^ 
packing ; by ^crewin^p dpwn the upper ftP<i lowei 
plates of the piston \i is pressed outwards^ and 
bears more or less against the sides pf the cy- 
linder. This 9)60 \rill be described ip the treatise 
alluded to. 

Jn ijowafd's alcoholic yapq^r engine |be two 
cylinders a, and 6, were coppecled to each other 
by the pipe or trough, c, a piston was fitted ipto kt 
and open on its upper surlace to the air. Th^ 
other cylinder w&s closed at top. froip this pro- 
ceeded a pipe) di that foroied a communication 
with a condenser. Another pipe, e^ was the con- 
tinuation of a small forcing pun}p. One of the 
cylinders was nearly filled vith oif, and^ 0at thin 
metallic dish floated on the surface of the oil in 
the closed cylinder. Lapips^ /, g^ were placed 
under the bottoms of the cylinders, ^nd heated the 
oil. A small quantity of alcohol or ether, being 
thrown upon the dishj (neated fropi^ its contact 
with the oil^)YapPMr was generated, anq Qs this 
accumulated it displaced the qil, and Pressed it 
down\^aicls through the pipe or trough, e, into 
the cylinder, ^, and raised its piston : when the 
oil had been nearly expelled from one cylinder 
into the other, the flow of alcohol pr eiher 
through the pipe^ «, was stopped, and a commu- 
nication was opened with the condenser by means 
of the pipe, (/;— ^ vacuum is thus made abpvp 
the floating dish iq the cylinder f^j an4 the pieti- 



600 FOREMAN^S STEAH-MTlffiEL. 

•ure of the atmosphere on the piston^^i forcecl it 
downwards, pressing the oil beneath it through 
the trough into the first cylinder : when that ves- 
sel was nearly filled with oil, the passage to the 
condenser was closed, and the fluid pipe was 
opened — a fresh portion of alcohol was thrown 
upon the floating dish, which being converted 
into vapour, it again pressed the oil downwards ill 
one cylinder, and upwards in the other. The 
alcoholic vapour which flowed into the condenser 
was condensed by coming into contact with a 
metallic vessel immersed in cold water; and the 
reproduced fluid falling to the bottom was pumped 
up through the pipe, e. No more vapour was 
produced by this mechanism, than was necessary 
for each stroke ; a boiler was dispensed with, as 
the expansion took place in the cylinder itself; 
the vapour being re-condensed without the access 
of air, or mixing with the water, when the appa- 
ratus was charged with alcohol, — its expansion 
and condensation, under those circumstances, 
being produced alternately^ all waste of the fluid 
was prevented. 

Captain Walter Foreman's steam-wheel differs 
from some others we have described, in having a 
wheel a, to shut the valves 6, c, down as they ap- 
proach the abutment d, and in the valves being 
formed conical to prevent the friction of those 
usually called rectangular ones. Eve^s wheel is 
an alteration of Flint's, and his second scheme, of 
Murdoch's, but with a decided improvement ; 
these have been tried on a great scale, and are said 
to answer. The operation will be apparent from 
an inspection. The Marquis de Combis' is the 
same as Bramah's first scheme. To which also 
may be referred Mr. Elijah Galloway's; but this 
last has pretensions to more practical merit than 
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almost any other on the same principle. The 
mode of bringing the sliders to rest by means of 
springs, and the neat and artist-like arrangement 
of the whole apparatus, does the ingenious Ameri- 
can much credit*. 

Perkins, now in the eighth year of his experi- 
ments, has lately stated that the difficulties which 
had heretofore retarded the introduction of his en- 
gine into practice have been surmounted. The tal- 
low and other substances which he employed to lu- 
bricate his piston, and which were almost instantly 
converted into charcoal or volatilized, he can now 
dispense with altogether, by the invention of a me- 
tallic alloy for his piston, requiring no lubricating 
substance whatever. He joins his pipes by means 
of a short piece of metal, resembling frustrums of 
two cones united at their bases, with their apexes 
inserted into the pipes, in the manner' practised 
when joining a series of wooden water-pipes: 
the Hanges of the pipes are connected by bolts 
and regulating screws ; this gives a great facility in 
making and keeping them steam-tight. Perkins 
has applied his peculiar improvements to some 
engines, and the value of his invention will be thus» 
it is hoped, speedily estimated in public opinion ; 
his own is, that, by his mechanism, the same 
power is produced by half a measure of coals, as 
by a whole measure with those on the common 
construction. He is an experimenter of no com- 
mon cast, and we anticipate much from his known 
ingenuity and unconquerable perseverance. 

In this list of projects may be included the 
scheme of steam-artillery and steam-muskets. 
Mr. Watt tried something of that kind, but this 

• A detailed account of this machine, with jjood figures, i« 
given ia Hibxb's Register of Arts^yol. v. -p. 33. 
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man of peace did not proceed for with the warlike 

project. Jonatbap Uornblower also con$tructe4 
IV hat he called a steam-rocket; and the French 
general, Chasscloup, proposed, some few year^ 
later^ (in 1805^) a similar plan for the defence of 
l^esieged places. M. Gerard, a French ofticer of 
enj^ineers, is slated by Moqtgery to liave carried 
this idea ip practice in 1814, for the purpose o| 
defending Paris at the approach of the allies. The 
boiler was moved on a carriage, and supplied 
steam for propelling balls from «ix gun-barrel«| 
the breeches of whiph could be opened at pleft- 
9ure; on turning a handle, the six guns receive4 
each a ball, and the steam at the same time — by 
a mechanism like what is seen in magazine air 
gun?. The longest shots were made by turnii^g 
the handle slowly, and one hundred and eighty 
balls were thrown in a minute ; a waggon attende4 
the machine to supply fuel and bullets. The capi« 
tulation of Paris prevented this novel artillery from 
being brought into action ; and shortly afterwardu 
the apparatus was taken to pieces. A similax 
invention was the subject of an Anterican patent 
(in 1819); and the effects were described to Y^et 
almost equal to those produced by the agency of 
gunpowder. The most recent attempt in the saniii 
way is that of Mr. Perkins ; and it might, indeed| 
be considered to be almost exclusively in the linf^ 
of his style of daring experiments. The sounds 
produced by his steapi-guns were coippared to f^ 
rapid running Dre of musketry, accompanied with 
a rustling sound or roar, that quite deafened the 
unaccustomed ear. In his experiments before the 
Duke of Wellington, and a numerous party of 
engineer officers, the balls, at first, were dis- 
charged at short intervals, in imitation of artillery 
firing again»t ao iioji target^ at the distance of 
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thifty-fitfe yards, afad stich wastlie inteiiifity of the 
jsropjllling fotce, that they iivere cotapletely shat- 
inikd to atoms. In thfe next ttial the balls Were 
flfed at a framing of wood, and they actually 
passed throiigh eleven planks, feach one inch thick, 
t)f the hardest deal, placed at a distance of ah inch 
frbm each other. Balls, also, which Were iired 
agialrtst an iron plate, one-fourth of an inch thick, 
passed eai^ily through it ; on all hands this waS de- 
clared to be the ntrtiost force that gunpowder could 
^ffbct ; yet the pressure of steam required to pro- 
dtfce this Perkins estimated not much to extfefed 
sixty-five atmbspheres, ot nine hundred pounds oh 
each Square inch. To demonstrate the rapidity 
With which musket-balls might be thrown, he 
screwed on to a gun-barrel a tube filled with balls, 
which falling down by their own gravity Itito the 
barrel, were projected one by one with such ex- 
traordinary velocity as to demonstrate, that by 
means of a succession of tubes filled with balls, 
fixed in a wheel, a model of which was exhibited, 
nearly one thousand balls per minute might be 
discharged. The next experiments were of a 
hiore interesting kind, and appear td have been 
made as much with a view of destroying a builj as 
Of demolishing a target: and thid, no doubt, in 
Compliment to his Grace, who is so great an ho- 
hour to the Emerald Isle. Tb the gun-barrel wad 
attached a moveable joint, a lateral direction wa$ 
then given to it, and the balls perforated a lineal 
series of holes in a plank nearly twelve feet long. 
Thus had the musket or gun been opposed to the 
regiment in line, it might have been made to act 
from one extremity of the alignment to the other. 
A similar plank was then placed perpendicularly, 
and in like manner there was a string of shot 
holes from one end to the other i and it was thus 

3 p 3 
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demonstrated that steam-ffuns could be easily 
made to shoot round a comer ! In fact, it was 
doubtful whether they could not do the greatest 
execution in this way. The expense of this new 
mode of warfare was thus calculated by Perkins : — 
Suppose two hundred and fifty balls are dis- 
charged in a minute by the single-barrel gun, or 
fifteen thousand per hour; this for sixteen hours 
would require about fifteen thousand pounds 
weight of powder, which, at seventy shillings per 
hundred weight, would be five hundred and 
twenty-five pounds sterling. But the same num- 
ber of balls can be thrown in succession, and in 
the same time, for the price of five bushels of 
coals per hour, or between three and four pounds 
sterling for sixteen hours ! ! ! 

After some experiments made at Greenwich, 
before Prince Polignac, and the French engineers 
who had been sent by the Duke d'Angouleme to 
make a report to him concerning them, Perkins 
received instructions to form a piece of ordnance 
to throw sixty balls of four pounds each in a 
minute, and this he guaranteed should be done 
with the 9orrectnes8 of a rifle musket, and to a 
proportionate distance. A musket will also be 
attached to the same generator for throwing a 
stream of lead from the bastion of a fort, and will 
be made so far portable, as to be capable of 
being moved from one bastion to another. Mr. 
Perkins states, from experiment, that he is within 
the truth when he estimates that with one pound 
weight of coals, he will do as much as with four 
pounds weight of gunpowder. 

Perkins attributes his failure in engaging the 
English government to adopt this novel species of 
artillery to the *' gratuitous and false statements 
of certain engineers^ who declared, that though 



be cotrtd make a great display at a public exhi- 
bition^ he bad ne^er made a generator i^hich had 
itood for a week, and that he could not keep the 
steam ap for tnore than two or three minutes at a 
time/' To these dwngemuntt opinion* Perhini 
opposes fact and experiment; and an engineet of 
great experience — a man of character and respect" 
ability, who witnessed the trials before the French 
engineers, has undertaken to make the engines^ 
and to guarantee a saving of half the fuel used by 
one of the best condensing engines. An engine for 
a boat, with a nine inch cylinder, and a twenty 
inch stroke, the patentee and manufacturer gua« 
rantee shall be equal to the power of sixty horses: 
this stands in the sixth part of the space of a con- 
densing engine. 

In looking at Mr. Perkins's labours, the mass of 
prejudice with which he has been and continues 
to be assailed forcibly arrests attention : keeping 
the great value of his experiments totally out 
of view, his is no small share of merit for the 
steadiness of purpose with which he has borne up 
a^inSt the interests and spleen arrayed against 
him ; for it cannot be concealed that his exertions 
have been spoken of in terms both contemptuous 
and harsh, although throughout tliey have heea 
of that laudable and meritorious kind, that even 
failure in them should have brought him honour. 

These prejudices, which cannot but have deeply 
injured the interests of a worthy, unassuming man, 
have yet had their origin in a circumstance highly 
complimentary to his talents and to his genius. 
At the announcement of his invention to heat 
water under an enormous pressure, the public was 
led, from statements which were neither sanctioned 
nor promulgated by the inventor^ to indulge in the 

8p3 
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most extravagant speculations on the power and 
economy to be derived from his discovery. The 
disappointment of these absurd expectations vras 
magnified into a reproach against the expert* 
menter, although in fact Perkins performed all he 
bad promised to do ^ and his scheme was only 
not completed from a practical difficulty in getting 
a suitable material for his generator^ — an obstacle 
neither insuperable nor unforeseen. 

One thing is certain, that viewing his exertions 
from first to last, no other mechanic of the day 
has done more to illustrate an obscure branch of 
philosophy by a series of difficult, dangerous, 
and expensive experiments — no one's labours 
have been more deserving of cheering encou- 
ragement, and no one has received less: even 
in their present state his experiments are open- 
ing new fields for philosophical research, and 
his mechanism bids fair to introduce a new style 
into the proportions, construction, and form of 
steam-machinery. 

We will here collect a few schemes which 
have been thrown out, for machines acting by the 
agency of heat. 

The first is M. Woisard's, for rendering varia« 
tions of atmospheric temperature useful as a me- 
chanical agent, by means somewhat diflferent from 
those described in a former chapter ; two vessels 
communicate by a vertical tube, and the lower 
one is immersed in water. The upper vessel, ex- 
posed to the action of the solar rays, incloses a 
balloon made of a flexible material ; this is filled 
with air, and has also a small quantity of ex- 
pansible liquid, such as ether, introduced with- 
in it. 

As the atmospheric temperature falls, the bal- 



woisard's engine. 607 

]ooD will diminish in bulk ; the air sarroundiog 
it will become rarer, and the water will introduce 
itself into the machine through a valve ; and when 
the temperature again rises, the pressure exerted, 
within the machine^ by theincreasingvolume of the 
balloon, will cause the excess of water to flow out. 
M.Woisard calculated, that if sulphuric ether was 
employed, and the machine of proper dimensions, 
it would raise to the height of one metre, as many 
times five hundred litres as there are cubic metres 
in the capacity of the outer vessel, whenever the 
temperature varies from fifty-nine to seventy-seven 
degrees Fahrenheit. 

Mr. Samuel Morey, an American gentleman, 
produced a vacuum in the cylinder by firing an 
. explosive mixture of atmospheric air and vapours, 
from common proof spirits, mixed with a small 
portion of spirits of turpentine. A working model 
was set in motion and kept at work, without ele- 
vating the temperature of the fluid from which the 
vapour is produced, to a higher degree than that 
of blood heat. 

Mr. Montgery's turpentine explosive engine is 
an idea similar to Street's. Buchanan's capil- 
lary steam-engine is described as having had a 
generator made of a copper tube one hundred- 
feet long and | inch in diameter, and weighing 
about sixteen pounds. The cylinder was of sheet 
copper, three inches in diameter, twenty-seven 
inches stroke, and with all its appendages weighed 
twenty -five pounds ; the whole engine when put 
together weighed one hundred and fifteen pounds. 
It was calculated for a four-horse power, but 
on trial exerted not more than the power of a 
single horse, because the generator was coiled 
up too compactly to admit the application of 
sufficient fuel> and the force pump did not 



sapply Stifficietit wafer. This engine, it is sftld, 
afterwards worked a cotton hianufactorj at Nlcho- 
l^svillc J It went forty double strokes in a minute, 
and the steam was cdt off in the middle of its 
stroke : no safety-valve was necessaryi there being 
od limit on the part of the generator to the 
sttength to if hich it may be raised irith perfect 
safety. Tile limit eiists in the valves and joints^ 
Which cannot probably be made to resist more 
than three or four hundred pounds to the inch. 

Oalvanism has also been called in did of navi^d- 
tlofa. The vessel to be propelled is to be con- 
verted under the flooring into one greslt galvanic 
tittugh, or furnished with a series ^f sm&ller ones, 
according as the one or the other may be plroved 
most efficient in decomposing water^ having £t1so a 
receiver to cbntain the compound ^s, tt'hich is 
kiiowfi to be pure oxygen and hydrc^n, in the 
proportion that forms water again when ignited. 
There is to be a cylinder open at the top, with a 
^istoii similar to thut df an atmospheric engine ^ 
also a condensing vessel immersed iii cold water. 
The cylihder is to have a communication, at the 
IbWer end, With both the receiver and the conden*' 
sing: vessel, with a valve to each. Thfe vessel to 
have a Hartow platform on each side, with a row of 
pclddles dh each side in a perpendicular position. 
The |alvtinic troughs were to be charged with sea 
Water, tto savfe the eipense of acid. " We shall," 
is^yi iti ^^thorj " suppose it in action, aAd the re- 
<^feivef fillfed t^rith gas ; let the eas opeh into the 
cylinder, the gas will enter, and raise thfe piston. 
Which is so connected with the paddles as to move 
them fbtward, which dotie, shut this valte, and 
opeti that into the condensing vessel, where the gas 
ih to be ignited; A vacuum will then be produced 
under the t>istoii^ whith will be forced down by 
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the preMure of the atmosphere, causing the pad* 
dies to expand and move backwards *." 

A like thought had, at the same moment, oc« 
curred to Mr. Thomas Hodgskinf ; and as some 
points are mucli better explained in his descrip- 
tion than in the preceding extract from the Glcu- 
gow Mechanics^ Magazine, we will give his illus- 
trations in his own words. '^ The great principle,'^ 
be says, '' is the application of voltaic electricity 
to the purposes of producing mechanic power* 
There is .an instrument which produces, by the 
continued production of electricity, a perpetual, 
though not an equable motion. This principle 
has only been hitherto applied to make mere 
toys : but the voltaic battery, the most powerful 
instrument with which science has yet armed the 
hand of man, presents continual renewal of the 
electric current. — Why cannot we apply this 
instrument to produce a perpetual mechanic 
power ? 

" In Brown's pneumatic engine, the source of 
the power consists in burning hydrogen gas in 
atmospheric air. Brown found it very difficult to 
get rid of the nitrogen : but if we decompose 
water, by means of galvanic electricity, we can 
produce abundance of oxygen and hydrogen in 
those exact proportions in which they combine ; 
and when flame or the electric spark is applied, 
they will condense into each other, and produce 
the most perfect vacuum which the art of man 
can form. A new power, hitherto never thought 
of, never put to any use, may be generated by de- 
composing water by means of galvanic electricity, 

• Glasgow Mechanics' Mae. voL I. p. SIO. 
^ See the Chemist, a weeUy periodical, edited by this geii« 
t^emsn, vol. II. p. 141, I^nd. 18S5, 
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and rtf^MinpcMiiig thfe reitilting gas«« hfm&itis 
either of flames or the electric sfXirk. By this 
iffteaos we generate a power, (the two gases,) in 
the first place eqaal to an additional atmosphere ; 
and when we hate thus generated this atmospher^^ 
we may form a perfect racaiim by iliflaming and 
condensing the gases. We have thns a first power 
eqaal to the atmosphere, which Brown does not 
l^roddoe^and after that we have the power derived 
from a far more perfect vacaum than he can poa- 
Kibly form I for the voltmie of the gates is dimi- 
nished nearly two thousand times; Thus by a 
continued production of electricity, Which is 

Generated by a voltaic battery, we may go on for 
ver decomposing and recbmposing to the end of 
the world, an enormotis power with apparently in- 
adequate meatfSi 

" The objectiotis/' continues Mr. Hodgskin, 
'* to this apparatus amount in substance to two. 
The first is, that the expense of generating a suffi- 
ciency of the two gases will be so great in pro- 
portion to the quantity obtditied, that it can tietet 
be so economic a power as steam. The value of 
this dbjeetion amounts to this^ — ^that coals arti now 
comparatively cheap in England, and copper, 
0inc, and anlphuric acid are comparatively dear : 
bat there are countries difierently i^ituated. But 
tho^e Who make this objection are quite in the 
dark as t€» the quantity of the gases generated by a 
voltaic battery. No experiments, in. fact, have 
ever been made itt ascertain what quantity of 
gases are produced with a given voltaic battery 
whhin a giveb time. 

*^ The expense of a voltaic battery containing 
ten pair of plates, each plate containing foursquare 
auperficitil inches^ is about forty-four shillings: 
four hundred pair o^ plateai wlll^ there^^rei cosi 



ei^bt^'^isb^ ppAixIs ^ with the ar<jinary vear aiui 
tefir of 9uch a battery^it ^iU last about two years, 
X^t u9 suppose that ours will be more frequantffF 
in actioQ, an<i will la^t for oQe year. Tbe troughS| 
ifrhicb waot m> rege{ving,eo«tte^ sbillUigs; and tho 
acid emplQirefi costs tbree pence a pound weight. 
The proportion recommended is one pound 
weight of acid to sixty pounds weight of water; 
and supposing that the acid requires renewing 
every day, we shall have, for the daily expense of 
this substance, three shillings and four pence. 
The labour of managing this part of the business 
will be a mere trifle^ — so that for a capital of 
eighty-eight pounds, and an annual charge of 
sixty pounds, we may get a very considerable 
power; the cost of its application is another 
thing, and must be decided upon other principles. 
In our opinion^ it is a considerable recommenda- 
tion of the voltaic Qiechanic power, that all the 
materials which go to produce it are, in a great 
measure, the product of labour, and wiU get cheap 
as that labour is made more efficient: another 
thing, alsoj which requires to be observed is, 
that the copper and zinc and the acid employed 
would not be annihilated and might be recovered ; 
consequently the expense of supplying these 
articles will be little more than the expense neces- 
sary to recover them after being used. Thus the 
power actually employed is only that immaterial 
agent which is made manifest on the decompo- 
sition and recomposition, and which, as it is 
measureless, is inexhaustible. If, therefore, the 
suggestion may be of great utility, where fuel is 
dear, or where it cannot be procured even where 
it is cheap, a voltaic mechanic power may still 
have some recommendations. The space into 
which it may be put is small; it emits no smell, 
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uid tend* forth do imoke; it will BnDOjr nobody, 
aod iKTei beanuiisnce ; itdoei not depend Tor its 
operaltoni an the elementi ; tlie materialB for iu 
produelioD ere all eai; of carriage, and inay tlius 
■eive to equalize the gifli of nature, and liberate 
ioduadj fiom Ibe fetteia of local re -'----- " 
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It may be asked what seearitj hare ve, that we shall be 
able to retain this branch of mannfactnre, now that other 
countries, over which we possess no exclasive natural advan- 
tage, are osing efforts to participate in its benefits? these 
rest npon our persevering industry, our economy, and onr 
great capital. The start we have got of our competitors in 
the career of invention and discovery is another important 
advantage, for invention is progressive, every discovery that 
is made having the effect to nnfold principles leading to other 
discoveries, or to anah^os applications; and, when the 
manafacturing class has once received this impulse, those 
who condnot the processes, and those employed in the opera- 
tive part of them, have their thoughts constantly turned to the 
means of enlarging the powers of the machines they are in 
possession of, or to the discovery of other machines for exe- 
cuting work still performed by hand— there is a progress also 
of art in the use of that machinery, of contrivance to supply 
its defects, and of little, undefinable, subsidiary aids for the 
furtherance of the work, which contribute to give a siq>e- 
ziority to it over every undertaking of a more recent date. 

Dugald BamuUsfne* 
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CHBONOLOGICAL lASV OF PATENTS. 

MBTtTt MADE 



Son Cpcti and obMrratioin, wbioh ooDld lot ba mtroduced 
Inlfl IhH nu-ntiT4 ivlthoat aoBfann^ ir^ H» Lflra btcnpersel 

«nectioiiB wbich kava oetmrrvd (o Ihe aislhor darinj; tha pro- 
brier annl^iii bu bean BIt«inpt«d. Bnt it vill ba obvioa* 

which had beea itraa»d, vera nnV^Htwa 10 any except 
ikiai autlun. " Xlu Ttahiicat B^Hilorg," edited bj 
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Ifr. Gill, and the ** London Journal of Scieneo^ edited 
bjr Mr. Newton, have followed the aame path. These ex- 
eellent and neefal monthly pablicadons hare made the 
PatentOffioe, which prerioualy to their appearance had 
heen a pool of obliyiont become in practice (what it alwajt 
was in theorj) a fountain iHienee the ezperienoe and 
inyentions of ingenious individoals flow thronghoat the com- 
munity. In the pages of these journals will be found detailed 
descriptions and numerous engravings of many inyentioaa 
eooneoted with steam-euffine machinery, of which, from the 
plan of onr work, a caUuogne only could be g^ren. To theae 
works may be added three others of more recent origin. 
** TKe Mechanic^ Magaxino/* '* Heber't Regitter of Inven- 
tions,** and the ** New London Mechanic^ Magaxine^" (all 
published weekly.) The last named, although it girea 
accounts of the more important inventions, is not so ex- 
cinsively mechanical as tne two former. ** The Mechanics 
Mapaxinet** embracing a great range of subjects, is necea- 
•anly brief in its descriptions; and in the department of 
Patent Inventions especially it is less copious than *■* Hehet't 
Re^iitert* which is devoted almost exclusively to this class of 
subjects. ** The Monthly Magaxine^ from its commencement. 

Save popular analyses of patents without figures ; aiid ** The 
few Monthly Moufoxine *' follows the same plan. ** The Phi- 
loiophieal Magaxine" especudly the earlier volumes, contains 
descriptive notices of many inventions ; when engraved illus- 
trations were given they were sometimes beautiful. And 
** Nicholson*i Journal,** so long as it was conducted by its first 
editor, also noticed many patent mechanical inventions. To 
these books we refer those in search of detailed information on 
many of the subjects contained in this ehapter, and through* 
put our book generally. To have acknowledged the obligation 
in every instance in which we availed ourselves of their 
stores, might have been considered an affSeetation both of 
htdustrjr and gratitude, in a work like this which is professedly 
a compilation. 

i«o. ^,^, ,^ ^ ^^ „^ 

David Ramsxte, groom of mines, and coal-pits by a new 

<*" pnvy-chamber to Charles way never yet in use." These 

the First, had a patent for in- apparently are all variations 

Tentions " to raise water from of the same scheme, 
low pits by fire— to make any In addition to the notice 

sort of mills goon utanding- given of Decaus, p. 27, may be 

waters, by continual motion, added, that, " he was a native 

without the help of wind, of Normandy. When he left 

Water, or hone ; and fo raise the serrtce of the Prince of 
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Wftlei, lie v«nt to BavftHft ftS 
engineer to the Elector. He 
pablished a book oti Le Per- 
spective avec la ration des om- 
bres ei miroirs. Lond. 161 2. Le 
raisons des forces mouvantes. 
Francfort, 1615; reprinted at 
Paris, 1624. The translation of 
this into German ran through 
several editions; the third 
piatt, treating of organs, i« Terj 
remarkable. Hortus Palatinus. 
Francfort, 1620, with figures 
by de Bry, of the embel- 
lishments he formed in the 
Elector's gardens at Heidel- 
berg. Institution Hannonique. 
Francfort, 1615, dedicated to 
Anne Queen of England. La 
Pratique et le Demonstration 
des horloges Solaires. Paris, 
1624 ; all these works are in 
folio, and of great rarity. He 
died in France about 1630." 
— Roquefort, 

1698. 

TRdi»A.s SavkAt, Londoti, 
raising "^^ater by the direct 
pressure of steam on its sur. 
face, and condensing the vft- 
pour which had expelled it, 
the air's weight forced an 
equivalent column of water 
into the empty receiver. 

•* It does not appear," says 
Mr. Watt, •« that the Mar- 
qnis of Worcester knew any- 
thing of the use of an injection, 
as the machine described by 
him operated only by the ex- 
pansive force of steam ; where- 
as the injection was used in 
Savery's engine from the be- 

f inning, and is, in all proba- 
ility, his invention." — RoH- 
ion*8 MeCf JPhU. toL il p. 60. 

3 



** The Tefl«^s^bl0 imprcmir «f 
the steam-engine may havd 
been writing from recollectioii 
when he stated this opinion* 
Condensation was produced ill 
all Savery*8 engines by cold 
water thrown on the outside of 
the receivers. In an engine 
erected by Savery himself in 
1710, the injection was not 
used; and, in the Minei'* 
Friend, there is no mention of 
any contrivance like it." 

1705. 

Thomas Nkwcomkn, and 
John Cawley, (or Galley,) 
Dartmouth; and Thomas 
Savkby, London, admittint 
steam under a piston attached 
to a lever — condensing the v*- 
pour, a weight is raised by the 
atmosphere pressing the piUton 
downwards. 

Henry Biciobton is said to 
have had a patent for an im- 
provement on the meehanism 
ealled a hand-gear, for open* 
ing and shutting the valves-^ 
and John Forttit fot some im- 
provements oh the valves and 
boiler, but the date Has iiot 
been given. 

Charles Prince of Hesse 
tisited England and inspected 
Savery's engine; and had 
its action explained to him 
several times by the inventor. 
The prince wished Savery to 
accompany him to Gassel. 
In 1706, a gentleman from 
the Prince of Hesse requested 
Savery's assistance to alter a 
model of an engine on Papin's 
plan, which could not be madie 
to act. Savery made the neces- 
sary altentioas upm it. In 
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IIm fM timilet of ktndwritiiigr, 
that g^ven is the utograph of 
William Landgraye of Hesae, 
the father of Prince Charles— 
they were both excellent me- 
ehanics and patrons of Papin. 

1710. 

Kkwoomim and Callxt erect* 
•d their first effective enfrine ; 
snd Savery erected an engine 
at York-Baildings Water- 
Works; but whether as an 
experiment, or at the expense 
of the company, is not known. 

17U. 

A fire*engine, erected, at a 
mine, near Aosthorpe, York> 
shire. The patentees agreed 
to work and keep the engine 
in order for two hundred and 
fifty pounds a year: daring 
the four years it was in ope- 
ration they burned oat four 
boilers. The cylinder, ao- 
cording to Smeaton, who de- 
rived his information from an 
old man who had attended 
the en^ne, was twentv-three 
Snohes in diameter, and had a 
six feet stroke; it made fifteen 
strokes each minute when 
worked by hand ; twelve 
when moved by handgear. 
Galley superintended its erec- 
tion. Only three others were 
in existence — two of these 
were at Newcastle— the third, 
at Coventry, had no working 
gear, but the cocks were moved 



hy hand. 



1716. 



Sib Mabtin Tbixwald was 
a Swede, who came to England 
in 17jl6» to obtain informatioiL 



fCModing th« mode of Buaiag 
fouowed at Newcastle— he re- 
mained in that neighboarhood 
for some years, and was em- 
ployed as an engineer at a 
coal-mine ; he was a pupil of 
Deitaguliers, and some of his 
improvements on the diving- 
bell are described in the 
Doctor's Experimental Philo- 
sophy. He returned to Swe- 
den in 1736, and erected an 
atmospheric-engue, the parts 
of which he got fabricated in 
England. He was captain of 
mechanics, and military archi- 
tect to the King of Sweden ; 
and was in correspondence 
with some of his friends in the 
Royal Society until his death. 
He invented a mode of warm- 
ing conservatori^ by hot 
water. 

1717. 

Mb. Jork Callkt, one of the 
great improvers of the steam- 
engine, died this year at 
Attsthorpe in Yorkshire. 

** Mb. Beiobtom's acoonnt 
of an experiment which he 
made on the fire-en«ne, to 
know what quantity of steam 
a cubical inch of water pro- 
doces. 

** I found by several experi- 
ments by a divided steelyard, 
on thepumietor safety-valve 
of the Doilers, at Onff and 
Wasington, that when the 
elasticity of steam was just 
one poond avoirdupois on a 
square inch, it was sufficient 
to work the engine, and that 
about five pint» in a minute 
.would feed the boiler, as fast 
a4 it consumed in boilingy a^d 
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steam for the eyUndersiicteen" 
strokes in a minate. The Griff 
eylinder held one hundred and 
thirteen gallons of steam, 
every stroke in a minnte equal 
to 1808 ale gallons— «o Jive 
pints of water produced 1808 
jpallons of steam, 38 '2 cubic 
inches in one pint— then 38*2 
inches : 1808 gallons : : 1 inch : 
47-3 gallons— hence it appears 
one cubic inch of water, by 
boiling till its elasticity is 
capable of overcoming about 
1-16 of the atmosphere, will 
make 13338 cubic inches of 
steam. 

" By experiment I Lave found 
that from the eduction valve 
of a thirty-two inch cylinder, 
there comes out one gallon 
each stroke. It is surprising 
how that ^teaniy which tsmdde 
of about three cubic inches of 
water, should heat one gallon 
of cold water so as to have it 
eomeout scalding hot, which it 
does, and the cylinder in all 
its upper part is but warm 
when the piston is down." — 
Desaguliers* Exper. Fhil. 
vol. 11. p. 533. 

The mistake in the calcn< 
lation which gave 13338 cubic 
inches of steam, instead' of 
only 2893, has been noticed by 
many authors, from Smeaton 
downwards. The great heat 
imparted to cold water, by a 
small quantity in the form of 
steam, was a fact which could 
not be explained until the 
discoveries of Doctor Black, 
nearlv forty years after this 
period. 

Newcomen's way of finding 
the power pf the atmospheric 
engine W9» tjiia. . ** Irom 



the diameter squared he cut 
off the last figure, calling 
the figure on the left hand 
long hundreds, and writing a 
cypher on the right hand 
called the number on that side 
pounds ; and this he reckoned 
pretty exact at a mean. Or 
rather when the barometer 
stood at thirty and the air was 
heavy — this makes between 
eleven and twelve pounds 
upon every superficial round 
inch -^ then he allowed be- 
tween one third and one fourth 
part for what is lost in the 
friction of the several parts 
and for accident, and this will 
agree pretty well with the 
work at Griff engine; there 
being lifted at every stroke 
between two-thirds and three- 
fourths of the weight of the 
atmospherical column press- 
ing on the piston. 

•• This engine at a coal mine 
at Griff, tTom whence the 
draught was taken, did dis- 
charge as much water as did 
before employ more than fifty 
horses, at an expense not less 
than 900/. a year. Whereas 
the fire, in coals, attendance^ 
and repairs, did never cost 
more than 150/. a year in this 
engine."— 2>e«ao»/t«r5' Exper, 
Phil. vol. ii. p. 482. 

Beighton supplies water to 
the boiler from the eduction 
pipe of the cylinder, instead 
of using that which had lain 
on the top of the piston. 

1723. 

PoTTEB, auEnglishman, erects 
a steam-engine at a mine at 
Koningsberg in, Hungary — the 
9io4iB he employe^ to open the 
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stMin-ccMslM {» sliowii in the 
engraving. The cylindet 
wag thirty inches in dia- 
meter. He was long after- 
wards considered in Germany 
to be the inventor of the engine 
itself, in consecjnence of Len- 
pold's assi^ing him that 
AonoTtr in hu Theatrom Ma- 
ehinamm. 

17S5. 

ifTweovEv'M engine gene* 
rally employed to drain the 
eolheries at "Newcastle. 

Andrew "Wauchope of Ed- 
monstone, Mid Lothian, ob- 
tains a license from the com- 
mittee in London appointed by 
the proprietors of the patent 
for tne engine for raising water 
by fire. The engine he is to 
erect at his own cost is to be 
after the manner of that nsed 
at the Elphinstone coal'Work 
— the Steam cylinder is not to 
exceed nine feet in length, and 
twenty-eight inches in diame- 
ter — ^Mr. Wauchope engages 
to pay 80/. a year for eight 
years for this licence. The 
eomniittee agree to proride 
the cvtinder^ regulator, and 
of A*r brass- work, at the cost 
of the proprietor. The work- 
men who erected it were all 
from somewhere beybnd Lon» 
thn. 

Mr. Bald has given the fol- 
lowing aeconnt of the cost of 
the partienlar parts of this 
engine: 
A cylinder SO in. £ s. d. 

in diameter with 

workmanship, 

carriage to Lon- 

don.andftll other 

cluagei «» 4 950 



A piston « . * 

A brass barrel 7 ft. 

long .... 

A brass bucket and 

Cl&C IC • • • • 

Paid for elm pnmp 
pipes at London 

Two cast metal 
barrels 9 ft. lon^ 
9 ft. diameter, 
and expenses con* 
nected with them 

Two brass buckets 
and two clacks, 
9 in. diameter; 
a brass regula- 
tor and injection 
cock, and other 
cocks, sinking- 
vouls, injection 
caps, snnfBng 
▼onls, and feed- 
ing vonls . . . 

One jack for the wy 

Plates and rivet 
iron, for making 
the boiler • ; 

Six Swedish iron 
plates . • • j 

Plumber's bill for 
lead, and a lead 
top for the boiler, 
with sheet lead, 
and lead pipes . 

Solder .... 

Timber, bought in 
Yorkshire, for 
the engine, with 
carriage by land 
and water and 
freight to Ne^r- 
castle .... 

44 cwt, 1 qr. 14 lbs. 
of chains, screw- 
work, and all 
other iron work 
about the engine, 
except the Iwopi 
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of the pomps, at 

5i. per pound . 103 10 10 
Ropes .... 19 16 
Cast-metal bars for 

the furnace . . 16 14 
A hand-screw . . 1 17 
Two brass codds 

for the regula- 
tor beam ... 6 U 
Flank for the 

plugwholes in the 

pumps ... 2 10 6 
Leather .... 18 13 
Iron hoops, for 

the pumps, with 

screw-bolts and 

plates for do., 18 

cwt. at 4td, per 

pound . . . 33 IS 
Two copper pipes 8 
Carriage or the 

materials, from 

London andNew* 

castle toScotland 22 2 
John Potter, pains 

of going and 

coming upon ao« 

count of Ibdmon- 

stone engine . 50 
Travelling expen- 
ses of the work- 
men, and Uieir 

wages .... 53 18 

Six workmen were sent 
from England — they had 15«. 
a week as wa^fes, besides 
their expenses paid. 

John and Abraham Potter, 
of the bishopric of Durham, 
were the engmeers. They en- 
gaged to make it an efficient 
engine to draw water by 
pumps of seven and nine inches 
bore. The engine exerted be- 
tween seven and eleven horse 
power. All the expenses of 
«reot}on were to be piud in the 



first instance by the engineers 
—to be repaid with a pre- 
mium of 10 per cent, out of 
the price and profit of the first 
coals that should be raised by 
it. Abraham Potter was to 
be paid 200/. a year for his 
pains, and for keeping work- 
men to attend the engine, and 
for wear and tear in repairing. 
He was to be famished wi^ 
coals gratis, and be allowed a 
reasonable time for repairs-^ 
and the expenses of any acci- 
dent that might happen to the 
engine were to be taken from 
the profits of the mine — after 
the first cost of the engine the 
annual expense of coalM to 
work it and t^e repairs and 
salary to the engineers — the 
engineers were to have half 
of the remaining profit of the 
coal mine — ^with a stipulation 
that, if the engine was not 
capable of draining the mine, 
the engineers might take 
away all the materials fur> 
nished by them, with a rea- 
sonable allowance for their 
labour and expenses. 

Some of these stipulations 
will lead to the inference that 
the mine had previously |>eea 
of small value to the pro- 
prietor, and that he entered 
into the bargain upon the 
principle that even a very 
small gain was better than 
none at all. The licence, in- 
deed, commences by stating 
that the Kdmonstone colliery 
could not be wrought in con- 
sequence of the increase of 
water. 

The patent under which the 
licence w»e granted is not 
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kftoiTft^DUl y«#eotn«ii and ^733. 

Caller obtain a renewal of «•:«-«# 

their ix.l«i« pri«lqi.r "J^-Y^l-iSwi.^ W«:J 

1726. Works. S«very»8 enfine is 

Apbil-A steam-engine nsed reprcaeated stajidinj beside 
at York-Buildings, London, Newcomen's. Mortraye meo- 
foT raisinr water ;itconsumed tions three engiBes; on* w 
two chaldrons of coals in placed between «», ^"^r- 
twenty-four hours, and raised engine of Lojjdoa »*^^f •» »^' 
Afty tins of water per honr. other towards C"*"*??;^*"^^ 
' ,«oi tl^e third towards Islington; 

1731. iiie first is said to hare the 

THE^t»nt»iyPo««,ofSep. 16, appearance of a eolamn <A 
1731, says, "We hear that tower, 
the York-Buildings Company yjy^^ 

have given over working their »«—*«.♦-„♦ 

fire-engine; and that the Johathak HnLLS firitpatwit 
houses which were formerly for a boat impelled by wheels, 
supplied with wafer from the moved by Newcomens engine, 
teservoir at Marylebone will Hulls was a native of Bxetrtr, 
be no longer supplied from The following extract is made 
thence-gilat tumWs of the from the ^^^^9^ Bncv' 
inhabitants having alreadv elopedia, ptibhshed while thw 
applied themselves to the col- sheet was pMP«ag tnf<wp 
lectors belonging to the Chel- the press: " Mr. Hebert Stu- 
sea Water- Works, in order to art, in his excellent lie- 
be served with water frotii serif tive Eittorff V *^ 
the reservoirs ih St. James** Bteam-Sngxne, page 88. liOn- 
ahd Hyde-Parks, who harii don, 1824, seems to ns to have 
new laid their pipes accord- committed a very serious 
ttgly. We ajso heat that the mistake, in ascribing the in- 
mud, which formerly lodged vention of the crank to Jona. 
ih the canals belonging to the than Hulls, «id thus de- 
sald waterworks, is washed priviiig Mr. Watt of the 
out and that the same are honour of an invention which 
now constantly kept clean by he had considered so eom- 
means of a back-water con- pletely Ms own as to secttre it 
trived for that purpose* except by a patent. In this scheme 
a ridge of mud, which is pur- (meaning Hulls,) say* MR 
posely left in the middle of Stuart, » it was neeessdrff to 
the great canal, which divides convert the alternate recti* 
it into two canals, which are lineal motion of a piston rod 
found more convenient than into a continuous rotary onei 
when it lay all in one." The and which he ingeniously «ig. 
engine named is probably one gested might be accomplished 
cttSatery'seoiutnietios^ »y iseiUwof aer»iik< 7km i§ 
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MV with joftioe considerMl 
to be that invention* which 
iatroduced the steam-engine 
as a fint mover of every 
yarietyof machinery. Httlb 
was unable to interest the 
public in his prpject, and hia 
mode of applying the crank 
wa« 80 completely forgotten 
t^at.at its revival, about forty 
years after this period« a ta- 
lent was obtained for the in- 
vention, and the merit of the 
application was also claimed 
by the celebrated Mr. Watt, 
evidently without any know- 
ledge of Halls' suggestion.' 
In Halls' method the rotary 
motion was effected by ropes 
and wheels, as will be seen in 
the drawing which will be 

S'ven under our article S^^om- 
i/ot, and no crank is ever 
mentioned. It is true that 
Hulls afterwards says, * up 
upland rivers, where the bot- 
torn can possibly be reached, 
the fans may Be taken out, 
vxd the cranks placed at the 
hindmost axis, to strike a 
shaft to the bottom of the 
river, which will drive the 
vessel forward with the 

freater force ;' but thiscannot, 
y any stretch of criticism, 
h» considered as the conver- 
sion of a reciprocating into a 
rotary motion, by means of 
fk crank. Had Hulls once 
^t hold of the idea, of apply- 
ing the crank in this way, he 
would never have adopted the 
other contrivance, the expo- 
sure of which to the injury of 
the sea he obviously coasiaera 
as an objection. Mr. Watt 
pMt, ^tl4«n£Bi% b^ •]tow94 



tbe great mc^ of the applicar 
tion of the crank, to convert 
the vertical motion of the pis- 
ton into a continued rotatory 
motion."i— Sdivburgh Encff- 
clopediat vol. xviii. p. d6i. 

** The substitution of tha 
power of horses, or of steam* 
or of heated air, ia place of 
the strength of men, appear^ 
to us no invention at all ; if it 
W6re, we should have nume- 
rous rivals contending for the 
honour of applying the steam* 
engine to the threshing ma- 
chine. When Mr. Jonathan 
Hulls therefore, in the year 
1736, took out a patent for the 
application of one of Kewco- 
men's steam-engines to a ves- 
sel for towing ships in and 
out of harbour, he merely pro- 
posed to substititfe the power 
of steam in the place of the 
power of men: his proposal 
was ndther characterised by 
sagacity nor inventive genius ; 
and the intermediate mechanr 
ism, by which the recipro- 
cating motion of the piston 
was converted into the ro- 
tary motion of the paddle- 
wheels, or fans ns he called 
them, was clumsy and imper- 
fect."— JSretoffer, in Ferg. M&- 
chanicst vol. ii. p, 113. in an- 
ticipating a similar objection. 
Hulls gives a fair answer to 
it : " If it should be said that 
this is not a new invention, 
because I make use of the 
same power to drive my nui- 
chine that others have madis 
use of to drive theirs for 
other purposes, I answer,^ the 
application of this power is no 
nort Ihftn tbe »pplio«lioB«{ 
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waj eommoB ot known in- 
strament, used in mechantsm 
for new indented pttrposes.** — 
Hulls. " It is not always a 
fair way to jndge of the valae 
of a contrivance by its im- 
pjortance, as estimated in 
times of comparatiyely refined 
invention.— At this moment^ 
18S4, we should call the appli- 
cation of the steam^nffine to 
move balloons, a very fine in- 
vention, although the en^e 
iteelf should be the idnktical 
one that had moTed a thresh- 
in; machine or a coal-wag- 
gon."— 5t«ar(*« Det, Sistoryt 
p. 84. 

In the article Ship*Bmld- 
ing, in the Edinburgh Encjf- 
clopediOt Httlls* project is 
mentioned. *' This important 
and original thought was, 
however, never carried into 
practical execution by Hulls, 
probably from the want of 
funds, and sufficient encou- 
ragement."— vol. xviii. p. S16. 

Bebkabd Beudob, a 
French engineer, describes 
-a steam-engine erected at 
Fresnes. 

1741. 

PABLTAUXNT granted a draw- 
back of all the dnt)r on coals 
used for steam-engines em- 
ployed in the Cornish tin and 
copper mines. 

1752. 

Nkwcomem's engine, first ap- 
plied by Champion, near Bris- 
tol, to pump up water to sup- 
ply a water-wheel. 

" In the year 1757, Mr. 
Keane Fitcgerald communi- 



cated to the Royal So«i«tr 
of London a pa|)er, entitled. 
An Attempt to improve the 
Manner of working the Ven- 
tilator by the help of a Fire- 
engine. As the lever of the 
fire-engine works np and 
down alternately, and per- 
f(Hrms, at a common medium, 
about a dosen strokes in a 
minute, it was necessary to 
contrive some way to make 
the beam, though moving al- 
ternately, to turn a wheel con- 
stantly round one way, and 
also to increase the number of 
strokes to fifty or sixty in a 
minute. Dr. Robison had, 
vrithout due consideration, re- 
garded this contrivance of Mr. 
Fitzgerald as involving the 
invention of a crank, with 
which Mr. Watt had after- 
wards converted ^ the vertical 
motion of the piston into a 
rotary motion, and had, 
therefore, deprived Mr. Watt 
of that honour. Mr. Watf, 
who, as it will afterwards be 
seen, had been particularly • 
harassed regarding the 8ul> 
ject of the crank, corrected to 
a certain degree this error in 
his annotattons on Dr. Rol»- 
son's paper; but in a letter 
which he wrote to Dr. Brew- 
ster, (February S3, 1814,) he 
speaks still more decidedly— 

* Dr. Robison,* says he, 

* mentions, that Mr. Keane- 
Fitzgerald published in the 
Transactions a method of 
converting the reciprocating 
motion of the steam-engine 
into a continued rotary mo- 
tion, by means of a crank or 
a train dt wheel work, and 
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vOds, ** by this eontrivaace he 
iioped to render it of most 
^extensive use; and that he. 
And others associated with 
him* obtained a patent for it ; 
they also published proposals 
for erecting mills of all kinds 
driven by steam-engines, and 
stated fairly their powers, 
■and their adrantafl;es. ' 

*• • Now I find," continues 
Mr. Watt, * that in the PAi- 
tosophical Transactions^ there 
is an invention by Mr. Fit2- 
;gerald, for working ventila- 
tors by^ means of a steam- 
•engine, in which the rotative 
motion is produced by a train 
of wheel-work, which «//f- 
ntately turns a cranky which 
works the ventilators, a very 
•d^erent thing from rotary 
«M>tion produced by the inter- 
vention of a crank. As to the 
mill scheme, we can find no 
trace of it, nor of the patent, 
and being a matter of some 
consequence to clear up, I 
jiave written to some friends 
in London about it, but have 
«8 yet received no answer. 
% shall thank yon, if you can- 
mot otherwise find out the 
matter of fact, to get a search 
made among Dr. Robison's 
memoranda, to learn upon 
what authority he made th« 
assertion. If nothing more is 
learned about it, I must con- 
clude the note to be a mis- 
take, and comment upon it 
accordingly — no record of a 
•atent was found at the pub* 
lie oflSces, and Mr. Watt ac- 
cordingly made those altera- 
tions on Dr. Robison's papers 
which fune already before the 

S 



public* It is impossible to 
pass over this statement, re- 
specting the crank, without 
calling the attention of the 
reader to the annoyances to 
which an inventor is exposed, 
by the rash decisions and cri- 
ticisms of his friends. If Dr. 
Robison and Mr. Stuart, men 
of talents and character, and 
rreat admirers of Mr. Wa(t, 
have, under a sense of justice, 
attributed one of his finest in- 
ventions, the one to Mr. Fitz- 
gerald, and the other to Jona- 
than Hulls, without any other 
foundation than the recom- 
mendation of a crank as part 
of the machinery, it is not to 
be wondered at that writers of 
inferior judgment and inte- 
grity should so often commit 
the same mistake. To this 
species of persecution Mr. 
Watt has been particularly 
exposed; and yet the whole 
history of science does not pre- 
sent to us an individual whose 
inventions were more origi- 
nal, and to which less ap- 
proach had been made by the 
ingenuity of his predeces- 
sors." — JSncjf. art. Steam En- 
gine^ vol. xviii. p. 365. 

These passages concerning 
Keane Fitzgerald, and that re- 
lating to Jonathan Hulls, con- 
taining charges against him- 
self, Mr. Stuart quotes at 
length, as a penance, and 
he pleadx guilty to the 
charge of " a rash decision on 
Hulls' invention.*' It may, 
however, be a slight extenu- 
ation of his offence, that The 
Descriptive History of the 
Steam-£nginet in which that 
il 
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opinion vas BuaTded; wm f 
first performance. The 8ul>- 
ject also on whiclx it treated 
was new to the pablic, and 
manr of the sources from 
whicn he could have corrected 
the scanty information found 
in other authors, if not un- 
known, were then inacces- 
sible to him. The unexampled 
success of this Descriptive 
History, as a literary specula- 
tion, put several opportu- 
nities in the author's power, 
for correcting^ both facts and 
their inferences. But these 
opportunities were lost, from 
the circnipstance of the first 
edition being printed from ste' 
reotypes, which were used in 
vU the subsequent impres- 
sions. The bankruptcy of 
the booksellers, who pub- 
lished the tliree first editions, 
having made these stereo- 
plates become the property of 
more respectable parties — 
there is now some chance of 
their errors being corrected. 

These Anecdotes of Steam- 
Engines may, however, bp 
considered as an extension of 
the author's design (^sketched 
in his Descriptive History) of 
giving a popular view of the 
progress towards perfection of 
the beautiful combinations'ex- 
hibited in steam-engine ma- 
chinery. Many of the hasty 
opinions in his first work the 
author hopes will be found 
corrected m this. And it af- 
fords him some pleasure that 
the cases quoted above from 
the Edinburgh Encyclopedia^ 
were corrected in those por- 
tion* of th9 A»§C40t69 cf 



steam BwjwMit ithieh _ 
published ai least tweiv^ 
ntonth* before the appearanca 
of the vowme of the £incyck)^ 
pedia containing the animad* 
versions retered to. 

1754. 

Emebsov ^ives soin? rule^ 
for estimating the power of 
the atmospheric engine. His 
laboured approximation wa$ 
no nearer the truth, than that 
had bv the short empirical 
rule of Newcoraen.— Twenty 
years ^fter this period he ex- 
tended his problem further — 
but without making it of the 
least use to practical men. 

1759. 

JA.lCE^i BaiVDLxr, engineer to 
the Dake of Brid^ewater, im- 
provements on boilers. 

" Newcastle, February d& 
1763. Landed at Winkkam 
Lee Coal Staith, for the use of 
the Walker Colliery, a fire-en- 
gine cylinder, the largest that 
has ever been seen in this 
country or perhaps in any 
other ; 10^ feet long : the bor^ 
measures 7^ inches, weighs* 
exclusive of bottoms and pia- 
ton, 130 cwt. or 6| tons, to- 
gether with piston and bot- 
tom contains between 10 and 
11 tons of metal. The bore ia 
turned perfectly round and 
well poushed, and the whole 
is so complete and noble a 

Siece of iron work, that it 
oes the gre{U»st honour to 
the place where it was cast— 
CoaibrookDale, Salop. When 
t&B iOiigine ia fioisbeo, UwiU 
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Hare flife fore<$ fo raise at a 
■troke 307 cwts. of water." 

1762. 

John Oxwt coirttructed an 
engine at a mine near Seaton 
Delatal, to tnm a machine 
with a continuons circttlar mo* 
tion derived directly from the 
great lever— it worked some 
years, and i^as j^ven np. 

Hindley of York, a clock- 
maker, made an e^ine for 
the wafer-works of Kingston 
upon Hull. It worked without 
a great lerer;. the pnmpwas 
placed beneath the cylinder ; 
the piston rod of the engine 
was connected to that of the 
pump by a frame whieh 
moved np and down like a 
sash window ; the atmos- 



dQ Rigny. Grett care was 
bestowed by Cambray in ad- 
justing tlie proportions of its 
parts; and ne added various 
ingenious methods for opening 
and shutting the valves, so 
as to render the mechanism 
nearly a self-regulating one. 
De Cambray*s experiments, 
which were published, are 
more valuable than any that 
had been made on the engine. 
The machine cost 50,000 
livres. The expenses " <farf- 
ministrcUion"* are thus stated : 

Wages '* d'un Maltre /ierif.. 

Machiniste'* for a year ISOO 
Three '* MaUres au tour- 

neaa," night and day 

for six months . . . 1400 
"Trois manoBuvres," for 

the same time . . * 800 



phere pressed doifrn the pis- ^^ „ I'entretien 

* x*.„^..- .»»-„^^ f« dufeu" 1800 



Carriage, repairs, 
accidents . . 



and 
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ton. — Hindley intended to 
have made tne steam press 
the piston upwards, to get rid 
of tne counterweight ; but h« 
died while the engine was 
in progress. — Smeaton after- 
wards altered this engine to 
his ovrn inodel. 

By his theory of latent h#at. 
Dr. Black explains the fact 
noticed by Beightoli, of the 
great ^natititjr of heat ill 
steam; and which was also at 
this time observed by Watt. 

1766. 

John BtAtctY, London, an 

improvement on Savery's en- condenser by pumps — pistons 

gine. pressed by the steam — a 

An enffine on Savery's plan, steam-wheel — partial conden- 

erected for some salt works at sation of steam — using oil and 

Castiellone, near Grosseto, a wax instead of Water : Jana< 

town m TuBcaby, by Calnbray ary 6, 1769, 

3h2 



8000 
1769. 

jyedkLp Glabkc, London^ 
continuous from a reciproca- 
ting motion. He ereeted an 
engine at London. 

Jamks Watt, GlasgoiV, — 
excluding atmoSpbere from 
cylinder— keeping cylinder as 
hot as the steam — condensa- 
tion produced in separate 
vessels — air extracted from 
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1770. 



About ei^Kteen large engines 
at work in Cornwall, exert- 
ing a power equal to that of 
490 horaes. 

1771. 

J. Chrtsel, London*, con- 
stmction of furnace — this was 
applied to the manufacture of 
salt: he published a short 
pamphlet detailing some of its 
advantages. 

1774. 

JonathakObezkal, of Parr, 
Lancashire: Fire-engine for 
draining nines, coal-pits, and 
lands of water. 

1775. 

A LIST of the weights and 
prices of some of the parts 
made of cast iron of the Chace- 
water engine manufactured at 
Carron. ■ 

JFeights. 

Cylinder, bored through 
7a inches, diameter 105 feet 
lonr, flayed at its ends and 
in the middle for the purpose 
of fastening it to the beams — 
4 tons, 16 cwt. 4 lbs. 

Hemispherical cylinder bot- 
tom, witn its plunge; short 
steam.pipe ; necks tor injec- 
tion pipe, snuffing pipe, and 
eduction pipe — 1 ton, 13 cwt. 
36 lbs. 

Cup or circular to fix on 
top of cylinder — 13 cwt. 

Cast iron piston — 14 cwt. 
10 lbs. 

Cast irop fxis from working 
beam— 16 c^t. 14 Ihs, 



Cast iron part of r«fulato» 

or steam valve— 1 cwt. 9ftlbs. 

8ee the engraving marked. 

Prieet of easting delivered in 

ComwalL 

Bored cylinders, workinjf* 
barrels, regulator-valves — 
28*. per ewt. 

Clock and buckets turned—' 
21». per cwt. . 

Cylinder bottom, piston^ 
cup, clack door pieces for 
pumps — ISs. per cwt. 

Axis and similar castings— 
16«. per cwt. 

Common pipes, for pumps t 
other plain pipe-work, furnace 
doors— 14*. per cwt. 

Grate bars, bearer bars,, 
heartli plates, weights— Us* 
per cwt. 

Wrought iron screw bolta 
and nuts — 5rf. per lb. 

Brass castings for purapi 
clack seats, regulator valve,, 
injection cock— 16d. per lb. 
without turning and fitting. 

1776. 

Aw atmospheric engine placed 
in a coal-mine, 480 feet be- 
low the surface, near White- 
haven. In 1778, another simi- 
lar engine, having a cylinder 
70 inches in diameter, was 
placed at the bottom of Yates- 
toop mine; 600 feet under the 
surface— another engine was 
placed at the surfawie froia 
which the mine pump rod, or 
•• dry-spear," descended to 
•work a pump placed at the 
bottom; this was 600 feet 
long I The boiler flue was 
carried up in the mine sht^t; 
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the boiler va» SM> feet in dia- ence has long siQce shewn to 

meter, and the fexcavation in have been erroneons. 
the rock in which it and the Watt erects one of hiseO'. 

eojrine-hoQse was erected cost ginee for blowine an iron far* 

300^. nace at Wilson Honae, Lanca- 

A LAKK near Rotterdam shire — this was the first appli- 
eoveriDf about 700O acres. 



which had been embanked^ 
was drained by 34 wind-mills. 
Van Liender, th 1776, erected 
a large atmospheric engine 
in aid of the mills ; it had a 
ejrlittdef 52 Inches in diameter 
and 9 feet long— the iron work 

came from England — it waft moved through by the'piston 
hot very effbctire. in cubic feet, multiplied by the 

SiitATOir erected an oil- load on each square inch of 
mill at Hall — ^an atmospheric the piston in ponnds, the pro- 
engine pumped the water on a dact will be the number of 



cation of the blowing cylinder 
for fumaoes. 

1778. 

Bolton computed the ex- 
penditure of fuel in his engine 
at this time, thus : — 
The space in the eylindet 



wheel ! after this the method 
may be considered as ati esta- 
blished one for producing a 
continuous motion. 



1777. 
JoBir Stewart 



pounds weight of coal con- 
sumed for every 1800 strokes 
of the engine — tpis is egual to 
an effect of 21*75 millions of 
pounds weight raised one foot 
oy a bushel of coal. 
preseiits to BatavianSociett, atRot- 



the Royal Society a scheme to terdam, offers a premium for 

accomplish the samfi purpose a plan of an apparatus, to be 

as that of Clarke, in 1769. annexed to a steam engine 

Two endless chains, revolving to make it capable of raising 

over pnllies fixed in a frame, water to all heights tuder 



wbicH rose and fell by the 
motion of the engine — joint- 
pins in the chains acted npon 
the teeth, at opposite sides of 
a wheel which received a cir- 
cular motion, by one chain 
acting on one side, and the 
other chain actinr on the 
Other side alternately. Stew> 
art says, ^* a crank or tetncA, 
although a mode of obtain- 
ing a circular motion, woald 
in this case be inapplicable,*' 
for some reasons which were 
then considered to be unan- 
kwetable, b«t trfekh fexperi- 

8 



five feet. 

1779. 

Matthkw Wasbbouoh, Bria- 
tol, rotative from alternate 
irectilineal motion. 

1780. 

Jahxs Piokasd, Birmine* 
ham, application of crank 
to steam-engines — Wasbrou^h 
and Pickara joined their in- 
terest. 
Watt and Bolton send the 

I^arts of th« engine at Obail^ 
ot to Paris. 
H 9 
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1781. 

JOWATRAK HOBWBLOWXB, 

PeBrjn, — two eylinden, steam 
leaving one enters the other — 
condensing by bringing the 
steam in contact with the me- 
talline sarfaces — discharges 
water by a pipe, equal in 
length to the column of water 
balanced by the atmosphere- 
air enters a separate vessel, 
from which it is expelled by 
the steam ^ separate vessel 
for condensing vapour— piston 
having steam roond itt peri- 
phery, 

1781. 

James Watt, Birmingham, 
several methods for regulating 
motion. Sun and planet 
wheels. 

M. D'Arnai., at Nismes, 
works flour mills by two 
steam-engines — they pumped 
water into a reservoir to be 
conducted on ten small wheels 
each of which turned a mill- 
stone. 

1782. 

Jamks Watt, Birmingham, 
Double impulse engine. Ex- 
pansiye engine. Contrivances 
for regulating motion — two 
cylinders — racU and sector or 
great lever—'semi-rotary en- 
gine—steam-wheel. 

Watt and Bolton erect 
one of their engines with a 
crank and fly-wheel^ at Pim- 
lico Wharf, for the Chelsea 
Water Works; and another, 
double impulse, at the Brad- 
ley Iron Works. 



1783. 

AmKWBiOBT builds a cotton- 
mill on Shude Hill, near Man- 
chester; from an ill-judg«d 
economy he used an atmo- 
spheric-engine to pump up 
water on a wheel, to give mo- 
tion to the machinery. 
• 

1784. 

James Watt, Birmingham* 
rotary enrine. Parallel mo- 
tions — ^moae of applying en- 
gine to move pumps, and 
mills, and lift hammers and 
stampers — mode of opening 
valves. Portable steam-ei^ 
gine, and steam-carriage. 

Watt makes some experi- 
ments on the power of horses ; 
he found that a strong horse, 
such as those used by London 
brewers, could draw a weight 
of 150 pounds avoirdupois, 
attached to a rope moving 
over a pulley, so as to raise 
it at the rate of 220 feet 
per minute — this is equal to 
33000 pounds raised one foot, 
or 528 cubic feet of water. 
This he denominated a horse- 
power, and estimated the 
power of his engines accord^ 
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Albion flour mills, London, 
began to be erected — Uie 
machinery to be moved solely 
by means of two of Watt's 
double impulse engines, hav- 
ing cylinders 34 inches in 
diameter. The justly-cele* 
brated Rennie superintended 
the erection of the mill work, 
and Wyatt designed the build- 
ing; the engines were of &Q 
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hoTse power each, driviiig 
SO pair of mill-stones; the 
wheels, and axes, aod other 
parts which previously had 
been formed of wood, were all 
of cast iron. 

Robert Cameron, Lon- 
don : Heliacal engine— im- 
provement on Newcomen's. 

1785. 

James Watt, of Birmingham^ 
Furnaces for consuming smoke 
—These will be described in 
Stttart*s Practical Treatise on 
the construction of Steam- 
engtnes, 

Bolton and Watt erect 
one of their doable impulse en- 
gines for Messrs. Robinson, 
at Papplewick, Nottingham- 
shire — the first instance of the 
direct application of steam to 

this purpose. 
A Colony of mechanics, 

from Scotland, established in 

1786, at St Petersburg, by 

Mr. Gascoigne, who had the 

management of the practical 

department of the Carron 

works under Mr. Garbet. He 

was patronised by the Empress 

Catherine, and received a title 

of nobility. Steam-engines 

were fabricated here shortly 

afterwards. 

1788. 

Mint for copper coin set up 
at Soho— driven by Watt's 
engioe. 

• 1789. 1792. 

Thomas Burgess, London: William Symikoton, Kin- 
a rotative from a vibrating nard : condensing engine, 
motion, by a rope Snm tho Ma. Scott began spinning 



working beam passing i»and 
a cylinder furnished with a 
ratchet wheel, See, 

1790. 

Bettancourt publishes his 
experiments on steam. 

Watt and Bolton send an 
engine to Nantes : it was put 
together by workmen from 
Soho. The furnace consumed 
its smoke. 

1791. 

Early in the morning of the 
3d of March, the Albion Mills 
were observed to be on fire. 
The entire edifice and stock 
of grain was destroyed ; the 
premises were ensured for 
26,000/. and the stock for 
36,000/. : 4000 sacks of corn 
were consumed. It was con- 
sidered to have been the act 
of an incendiary, who was 
never discovered— from its be- 
ginning strong prejudices ex- 
isted against the establish- 
ment, in those classes who ulti- 
iiiatelv would have been the 
most benefited by its opera- 
tion. This successful adapta- 
tion of the double condensing 
ene^ine to grinding com, de- 
cided the point as to its supe- 
riority over Nevvcomen's appa- 
ratus — ^from this time it began 
rapidly to supersede the rival 
mechanism. 

James Sadler, Oxford : 
steam-wheel. 
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eottod hf steAm power M 
Oltktfpw — tlie matiofactor^ 
was situated on the south batiK 
of the riyer Clyde, directly 
opposite the Delft works, 
when Watt erected the firtt 
model of hie condensiop en- 
pad, before be appUed for his 
patent! 

FsAKCis THOMFSoKfLoBdoa: 
atmospheric engine— two cy- 
linders. 

BsNJAMiN GoTT erects a 
wooUen menufactory at Leedi 
—its machiDery driven by a 40 
horse power condensing en- 
gine. This was the first ma- 
nafaotorr of the kind which 
depended entirely on steam 
power as a first mover. 

MASSHiLLL, the same year, 
at Ijeeds, began to spin flax by 
a 28 horse power condensing 
engine. 

rARKES, at Worcester, also 
applied it to a worsted spin- 
ning mill. 

Pavison and Rawkesley 
had begun spinning worsted 
at Arnold, near Nottingham, 
by means of a water wheel 
Supplied by Savory's engine 
— this was given up for 
Thompson of Ashover's im- 
provea atmospheric engine. 

1791 

BoBBKT Stbext, Loudou : 
'* Inflammable vapour force, 
by means of liquid fare and air, 
for communicating motion" — 
Turpentine falling on a plate 
of hot iron, the vapour which 
is produced being inflamed 
itad«r a pitten rsises il. 



1795> 

BoLTOH and Watt bring an 
action against a Mr. Bull^ 
who had erected an engine 
at Oatfield Copper Mine.— 
Watt's claim was resisted on 
the plea of an imperfect spe- 
cification — The jury gave a 
verdict in favour of the pa- 
tentees^Points were reserved 
for the decision of the Judges^ 
Which wftre twice argiiedTbfe- 
^re them ; thtf m^ijOTity gare 
their opinion in farour of 
Watt and Bolton. 

1796. 

▼alkntii^e Close, Henley: 
Saving fuel. 

John Pepper, Newcastle r 
Saying fuel — oonstractbn of 
boiler. 

John Strong, Bingham: 
Method of constructing the 
ralves, 

WittiAM Batlet, Man- 
dhester: Method of working 
the engine. 

Francis Lloyd, Woolstan- 
ton : Construction of furnace. 

1797. 

At Sheffield two large con- 
densing engines erected for 
gricdmgcudery. 

EOMOND Ca&TWRIOHT, 

Middlesex: Oondenang engine 
— metallic piston. Steam- 
wheeL One of the clauses in 
the specification was ** that 
instead of water the boiler is to 
be fiUed with distillers* wash, 
to produce the steam with 
WUeh the engine is to bo 
worked,"— the engine operates 
M a itiil add a fiNt moTor. 
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John Q&ovn, Chesbnn: 
Boiler and furnace. 

1798. 

William Ratlit, Kewbald, 
Yorkshire ; Philosophical fur- 
Bace and boiler, with an actu- 
ating wheel as an api)endage. 

Bolton erects a mint at St. 
Petersburgh. 

Jamks Sadlxr, Oxford : 
Doable cylinders — a combi- 
nation of^ Cartwrrigbt's and 
Watt's engines. 

Jonathan Hoanblowkr, 
Penrvn : Steam-wheel, which 
failed after numerous trials 
had been made of it, from the 
difficulty of keeping the pack- 
ing tight. 

uKoaoE Blundel, London: 
Machine for saving fuel. 

John Dickson, Dockhead: 
Method of constructing. 

Fbancisco Rapozo, Lis- 
bon : Alterations on cylinder 
and valves, 

J. QniEBOz, London : Alte- 
ration on cylinder : method of 
forming boiler. 

Thomas Rount&kb, Lon- 
don: Improvements in furnace 
and boiler. 

1799. 

Bolton and Watt bring 
an action for piracv against 
Homblowfer ana Maoerly, for 
erecting one of hb double cy- 
linder-engines, with Watt's 
improvements — one in 1796, 
at Meux's Brewery, London. 
The court gave a decision in 
favour of the patentees. This 
action should be considered as 
far ajs Bolton apd Watt ^ere 




concerned, rather as a rindi- 
cation of character than an 
action for damages — their ex- 
clusive privilege expired a 
few months after the suit was 
decided in their favour — and 
it was stated, that but for un- 
fair and invidious comparisons 
being drawn by their adver- 
saries, and their forbearance 
being considered as a proof of 
their own opinion of the 
weakness of their claim, 
Bolton and Watt would not 
have taken this case into 
.at all. 

>XRT Delap, Banville: 
Ecoiftmical boiler. 

John Wilkinson, Castle- 
head : Boiler — saving fuel. 

Marquis Chabannes, Lon- 
don : Improvement on fael. 

Matthew Murray, Leeds : 
Boiler — self-regnlating damp- 
er — horizontal cylinder. 

A. Q. EcKHABOT, London : 
Saving fuel. 

William Murdoch, Red- 
ruth: Casting cylinder — im- 
provements in valves — a 
steam-wheel. 

James Bukns, Glasgow ; 
Saving fuel by alterations on 
furnace. 

James Bishop, Connecti- 
cut: Steam- wheel 

Samuel Rehe, London ; 
Transmitting the force of any 
fluid. ■ 

. T. Cooke, I<ondon : Carbo- 
frugalist — mode of applying 
fire to caldronic implements. 

1800. 

The term of twenty-five years 
granted by Parliament to 
Watt and Boltgn expires-- 
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Mr. Wibtt retires from hoA- 
ness, and the maimfactorr 
of steam-eti^nes at Soho Vt 

S laced onder the directioti of 
Ir. Mnrdoch of Redrath, who 
had been Bolton and Watf s 
agent in Cornwall* and Mr. 
SoQthem. 

Bellc&akk engine* inad^ 
at Soho. 

Petkr D«T«t, London : 
ItnproTed fnel — same as the 
bnrning balls of Liege. 

PitlNEAS CaowTHEB.Kew- 
eastle: Crank motion, dis- 
pensing with working li«^. 

JoHir and Jauks Robi^Moit, 
Glasgow: Famace for'l^n- 
gttmmg smoke — saving steam 
by a construction of putoh. 

1801^ 

Ebutmn Castw&ioht* Mid- 
dlesex : Portable eUgine— te^ 
gulating velocitjT. 

A sugar-mill, inoted b;^ a 
steam-engine of eight horSe 
power, constructed at Soho* 
sent to Demerara — Joiin Ren- 
die, the Oreat in HiUt^orkt 
designed the mill machinery-^ 
it performed excellently. 

RioBAan WiLcot, Bristol : 
Engine and furnace. 

WILLIAM Hase, Sax- 
thorpe : imbroremen^ on con- 
denser and Doiler. 

James Atrnkssdir, Moonie : 
Saving fuel. 

MATTHK\rMtrBftAt, Leeds ; 
Air-pump —valves — J)atallel 
motion. 

** Honter and Dickenson* in 
1801, tried a steam-boat on 
the Thames?" 

TittotitT Bbakar, Pim. 
lico: RerdTinffTaltej 



Saving faeL 

GsoBax MvDHUBST, Lon- 
don: Converting alternating 
into circular motiod. 

Oxo&ox Stbatton* Lon- 
don : Saving fud — the method 
is recommended more to its 
appUcatian in open fires than 
furnaces. 

J AM Ks GLAnBBooKX, Cole- 
Drooke Dale: Working ma- 
ehines by means of ^Y>perti«s 
of air. 

Robxbt Yoxryff, Bath: 
Saving fuel. 

William Stminotok, Kin. 
nard : Steam-boat engine 
without a Working beam- 
stampers for breaking ice. 

James White, an English 
mechanic then residing ill 
France, receives a medal from 
Napoleon Bonaparte, for aii 
improved parallel motion. 

18CIS. 

Jambs Shabplbss, Bath: 
Combinations of the mechani- 
cal powers apjdied to the 
steam engine. 

Thomas Pabkihson, Lon- 
don: Conveying steam and 
fluids. 

RicHABD Tbxvithic* and 
Andbew Vivian, Camborne: 
High pressure steam-eogine. 

BbtaK Hiooins* London : 
Saving fuel— adapted for eva- 
porating. 

MatthItw Mttbbat, Leeds : 
Portable engine — pump and 
some other improvements. 

Thomas MARtiw, Brent- 
wood : Applying fire by 
ineans of certain tbachinery 
to heating water. 
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Thouas Saint, Bristol: 
Boiler and fnmace, 

Joseph Lewis, Brioscombe : 
Furnace. 

MatTHIW BltLIlTOSLEY, 

London: A very grea( im- 
provement in the machinery 
for boring cylinders. 

" Some years ago," saye 
Paley, at this tipae, *' a plan 
was su^rg^ted of producing 
propulsion by reaction in this 
Way ; by the force ot a steam- 
engine, a stream of water was 
to be shot out of the stern of a 
boat; the impulse of whicl^ 
«tream upon the w^ter in the 
fiver, was to push the boat 
Itself forward. It is, in truth, 
the principle by which sky- 
rockets ascend in the air ; and 
if naturalists are to be believed, 
it is exactly the device which 
nature has made use of for 
the motion of some species of 
aquatic insects. The larva of 
the dragon-fly, according to 
Adams, swims by ejectiojg 
water from its tail, and is 
driven forward by the reaction 
of water in the pool upon the 
current issuing in a mrecUon 
backward from its body." 

1804. 

EiOHASD Wilcox, Bristol: 
Air-pump — ^furnace boiler. 

James Barbet, Saffron 
Walden: Economizimj; fuel. 

Abthus Woolfe, Condon : 
Two cylinders and high pres- 
sure steam; experience h^ 
stamped this to be a great im- 
provement. 

Mr. Lavaysie mentions, that 
|ifr. Lushington introduced a 
condenshig engine into Trini- 



dad, and estimated its effect 
{IS saving two- thirds of tho 
expense of cattle mills. 

1805. 

James Bii)E&, Belfast : Lining 
cylinder — steam regulator. 

Charles Goe, London: Ap- 
plication of heat. 

Jonathan Hornbloweb, 
Penryn : Steam- wheel. 

William Eable, Liver- 
pool : Working and con- 
structing. 

John Stevens, London; 
Boiler. Colonel Stevens was 
an American who has been 
mentioned in the text, as at- 
tempting to introduce stean^ 
boats into America — Tne 
boiler was formed by a collec- 
tion of tubes. 

Alexander Buodib, Lon- 
don : Furnace and boiler. 

James M'Nauohten, Lon- 
don: Saving fuel — fire-place. 

James Boaz, Glasgow: 
Mercury eneine. 

Abthub Woolte, London ; 
Open bottomed cylinder — and 
an excellent contrivance for 
tightening the packing of pis- 
ton. 

Ralph Podd, London: 
Saving fuel. 

William Dkvebbl, Black- 
wall : Furnace and boiler. 

Samuel Miller, London : 
Working and constructing. 

John Tkotteb, London: 
Steam-wheel. 

Andbew Fliht, London : 
Steam-wheel. 

1806. 

William Lbstbb» Londoo; 
Steam-wheel. 
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J. Bovntitt W. Chambi^rs, 
and C. Gould, Wabwick: 
This patrtDt, in an especial 
manner, has a relation to the 
attendants on a steam-engine ; 
it was for roasting meat bf 
steam. 

Ralph Dodd, London : Sim* 
plification of machinery. 

John Lamb, New York: 
Application of heat. 

11. Wilcox, London : Vari- 
ous 8team>wheels. 

JosiAs Robins, Lirerpool : 
Fnrnace. 

William Nicholson, Lon- 
don : Application of steam. 

Sahukl Milleb, London : 
Additions to a former patent. 

1807. 

Allan Poilook, Glasgow: 
Saving fuel. 

Hrnby Maudslat, Lon- 
don : Portable engine. 

Ralph Dodd, London : Dis- 
tribution of heat ; applicable 
only to chamber fire-places. 

James Bbadly, London: 
Iron for furnace bars. 

1808. 

Thomas Mead, Hull : Steam- 
wheel. 

Thomas Prick, Bilston: 
Arranf»ement of parts. 

Jamks Linaker, Ports- 
mouth; Steam-boat; draw- 
ings of this were given by 
Mr. Buchanan. 

J. CowDEN, and J. Par- 
tridge, London: Saying of 
fuel. 

Thomas Preston, Ix)n- 
don: Constniction of fur- 
nace. 



1809« 

James Obsllieb, Aldboftjtrgh 
Hatch: Saving of fnel— fur- 
nace. 

Mark Noble, Battersea: 
Arrangement of parts. 

John Murray and Adam 
Anderson, Edinburgh: Ap- 
plication of heat. 

W. C. English, Twicken- 
ham: Saving fuel — heating 
chambers more especially. 

Edward Lane, Stoke on 
Trent : Arrangement of parts 
of engine. 

J. f . Fesenmsyeb, London : 
Arrangement of parts, and 
working. 

J. F. Archbold, London: 
Application of heat in apart- 
ments and in carriages. 

W. Johnson, Blackheath : 
Heating fluids— evaporation. 

NuoENT Booker, Dublin: 
Saving fuel. 

Richard Scantlbbuby, 
Redruth : Certain improve- 
ments. 

Samuel Cleoo, Manches- 
ter: Steam-wheel. 

1810. 

David Cock, London : Heat- 
ing fluids. 

ARTHUR WOOLFE, LoiJ- 

don : Constructing — ^working 
—saving fuel. 

William Docksey, Bris- 
tol : Application of heat. 

William Clebk, Edin- 
burgh : Regulation of heat. 

William Chapman, New- 
castle: Steam-wheel. 

Richard Witty, Hull ; 
Making — arranging — com- 
bining. 
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JdtrN JUSTICE, Dandee : 
Application of heat. 

hTEDMAN Adam, Connec- 
ticut: Certain improvementa. 

John Cbaioib, Qaebec : 
Saying fuel. 



1811. 



Joseph Miers, 
Saving fuel, 

RiCHAKD Witty, Hull : 
Additions to former patent. 

Charles Bsodekip, Lon- 
don: Improvements in con- 
struction. 

Michael Losan, Rother- 
bithe: Generation of fire. 

William Good, London: 
Valves. 

John Tbotteb, London : 
Steam-wheel. 

Georoe Gilpin, SheflSeld : 
A^lication of steam. 

The proprietors of steam- 
enflfines in Cornwall appoint 
an inspector, to report month- 
ly on the quantity of coals 
used by each engine. 

I n August the first average 
of eight engines, 15,760,000 
pounds raised a foot high with 
one bushel of coal. 

In December average of 
nine engines 17f075,000. 

In January 1812, fourteen 
engines 30,162,000, nearly a 
saving of a fourth part of all 
the coal used, from the greater 
care taken in feeding the fur- 
nace. 

Henry James, Birming- 
ham: Steam-boat. 

Thomas Deakin, London : 
Saving fuel. 

J. Blenkinsop, Leeds : 
Steam-carriage, and improve- 
ment in railways. A toothed 

3 



wheel moved by the englnB 
works into teeth formed in 
the rail, which prevents the 
slipping that was found to be 
an objection to Trevithic and 
Vivian's apparatus. These- 
engines have been in daily 
nse at the Middleton Colliery 
London : near Leeds. 



1812. 

John Sutherland, Liver* 
pool: Boiler— evaporation. 

Henry Osborn, Bordesly :■ 
Manufacture of cylinders. 

R. W. Fox ana Joel LEAN'r 
Falmouth: Certain improve- 
ments — additional apparatus.^ 

Henry Hiqoinson, Lon** 
don: Steam-boat. 

Jeremiah Steele, Livers 
pool : Application of heat. 

William Onions, Poulton: 
Steam- wheel. 

1813. 

Robert DuNKiN, PenzailTJa: 
Saving fuel. 

William Bruntow;. Bht- 
terly Iron Work84: Manu- 
facture and arrangements of 
parts — steam-carnage, the 
propellers were fashioned' to 
have an action similar to the 
legs of horses. This patent 
describes numerous va'rleties 
of feet. On the whole, not- 
withstanding its complicai;ed 
appearance, something of this 
sort may enable a steam- 
w^gon to pass over acclivi- 
ties, which to a carriage with 
wheels only would be inac- 
cessible. Mr. Brnnton calls 
it a " Mechanical Traveller." 

ROBBBTBON BuCHANAN, 
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OlfUfOW: Steam-boat ma- 
chinery. 

John Bartoh, London: 
Applying^ the heat which es- 
capes from distillers', dyers', 
and other furnaces to work an 
eogine — " cock for reversing 
the steam with two sides cat 
out, by which the cock re* 
<^aires to be tamed only the 
sixth part of its circumference 
round; uses a very short 
piston, which has holes cast or 
drilled nearly through the 
piston between the screws, 
which tighten the cap to pnt 
in tallow; this escapes by 
small holes drilled hori20tt- 
tally into the holes where th« 
tallow is, which keeps the 
packing always greasy;'* this 
also contains a scheme for 
boiling in vacuo. 

John Sutherland, Liver- 
pool: Furnace. 

JossPH White, Leeds: Va- 
rious improvements. 

Charles Brodxrif, Loa^ 
don: Boiler. 

18U. 

Oliver Evans has the term 
of his patent extended to ten 
years after this date by the 
American legislature. 

" Mr. J. Carter Hurablower 
was born of Cornish parents, 
at Brosely in Shropshire, in 
1744. His father wished him 
to study the law, but consult- 
ing his own inclination he was 
placed under a carpenter ; a 
mutual unsuitabiUty of temper 
led to an early separation, 
and Homblower immediately 
sought an employment where 
Us mdchwucal bias would 



have a widsv seop«. About 
1768 and 1770 he was engaged 
to erect a steam-engine and 
some other machinery at Rot* 
terdam, to which place he waa 
a second time invited to snpev* 
intend similar operations. 'Ilie 
improvements which forty 
years ago were made ia tU* 
towns of iVnro and Tewks- 
bnry, and the erection of the 
Penitentiary at Northleacbi 
were entirely under his direc- 
tion. Some of the cirQuav* 
stances which led to the tria^ 
in which he, along with his 
brother Jonathan, were op* 
pos^ to Bolton and Watt, have 
already been noticed. To this 
trial tqeir opponents brought 
the resolution to succeed, whuck 
was aided by their great 
wealth, and the poj^aritjr 
which success usually inspires 
— the injunctions which wen 
laid on the engines that th9 
brothers erected proved deeplj 
injurious to ottiersas well as 
to themselves. J. C. Hom- 
blower afterwards had a pa- 
tent for a method of glazing 
calicoes by steam power, a 
process at that period of great 
importance to a very extent 
sive branch of Engliso manu- 
factures; a steam-engine and 
some of the glazing machines 
were erected, and pieces of 
calico of the usual length were 
glazed in two minutes. lu 
this stage o.f the contrivance it 
was found, that the ]:repaxar 
tory process of waxing the 
fabric could not be done by 
hand except at an expeose 
which would overbalance the 
aayijig made bj tbe slasiag 
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likacliine. beitdes the iil- 
creAsed velocity which had to 
be given to the piece of wax, 
it softened and melted it, and 
•when it was hardened suffi- 
ciently to retain its tenacity 
it lost its lubricating and 

glazing qualities. Hornblower 
ad succeeded in removing 
this impediment, and was in 
the very act of erecting the 
necessary supplemental me- 
chanism, when the individual, 
ta san^ine, liberal, but obsti- 
nate man, who had purchased 
the patent right, and who 
imagined at the first that the 
waxing was a process of much 
easier accomplishment than 
the glazing, wearied by the 
expense and repeated aisap- 
pomtm^nt, would proceed no 
further ; he locked up the pre- 
mises coDtaining all thema- 
fchinery, with a resolution not 
to open them during the term 
of the lease: nor could the 
urgent entreaties of his friends 
— iior the representations of 
the inventor, induce him to 
alter his determination; the 
bustihess was settled by arbi- 
tration. At the termination 
of the lease the steam-engine 
was sold by auction, and the 
millwork broken up ; btit the 
inventor was not permitted to 
profit by the invention. 

** A German gentleman who 
knew his talents and experi- 
ence as an engineer j engaged 
him in 1810, to design and 
erect an extensive malting 
and brewing establishment in 
Sweden. The services he ren- 
dered in this employment 
trere so hi^^j tateed, .that 
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thb remunerttion which had 
been allowed for his superin- 
tendence was generously con- 
tinued to be paid to him aftet 
his laboui's for his patron had 
ceased. He returned to Eng- 
land in 1813, and died in Lon- 
don in 1814. 

«* Mr. Hornblower was one of 
those of whom, without look- 
ing to a bigheir source, it might 
be said, that Disappointment 

— ' marked him for her own.' 

Destitute of capital, and 
with the constantly increas- 
ing wants of a large family to 
supply, he could only exert his 
talents uhder the control of 
others. In this unpropitious 
situation he was alternately 
the sport of hope atfd disap- 
pointment; and in his efforts 
to emerge from that condition, 
in which 



< Where Mtnunr 
The mind is chamed,*^ 
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it may have been that his in* 
tegrity was not accompanied 
by that flexibility of disposi- 
tion which the world exactt 
from those it permits to be ill 
the ' way to rise.' He waa 
fortunate, however, ih ac- 
quiring the confidence and le* 
gard of individuals of high 
characteir and talent i*ith 
whom he had been connected 
in his professional career. His 
exemplary tenderness, affec- 
tion, and self-denial, in his do- 
mestic relations should above 
all be recorded to his honour.'* 
-^Memoir hy A. Hilthouse„ 

W. A.NobLE, London; Ar* 
rang«nteiit, 
I2 
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**A tteam-boat, 40 tons 
hnrthen, put la motion in tha 
canal near Limehouae, (the 
Lord Mayor on board ;) it ran 
a mile and returned in sixteen 
minntes.'* 

JoBN Rastbick, Bridge- 
north : Certain improrements. 

R. W. Kino, London: 
Boiling water. 

Thomas Tuoal, York: 
•team-carriages. 

John Sl ateb, Birmingham : 
Boiler. 

Mr. KoNio, a Saxon printer, 
^acceeds in oonstraeting a 
printing press, to be moved by 
a steam-engine. The Timet 
newspaper, of Monday, the 
S8th November, 1814, was the 
first publication printed in this 
way. Konig was associated 
witn Mr. Bensley, senior, and 
Mr. Richard Taylor. Konig*8 
first scheme went no farther 
than to increase the speed of 
the common press. 

1815. 

R. DoDD, and O. Stxvheh- 
aoN, KillingwcMTth : Steam- 
carriage — the resistance is 
produced by the wheel on the 
rail as in Trevithic and Vivi- 
an's locomotive; a pin npon 
me of the spokes of ttie wheel 
had the lower end of the con- 
necting rod fastened to it by 
a ball-and-socket joint — the 
other end is connected to the 
cross beam moved by the pis- 
ton. The pin upon the spokes 
converted the reciprocating 
motion of the piston into a 
rotary one; the carriage was 
placed on six. wheels, which 
were attached to «f)Gh qtht^ 



br an endlflM ehain — ifniked 
-wheels workbg into the links 
communicated motion to tlM 
series. 

William Losh, Northum- 
berland: Furnace. 

HeNRT HoULDSWORTIf, 

Glasgow : Dischaiging the 
condensed steam; permitting 
air to enter a series of pipes to 
prevent the strain from atmos- 
pheric pressure. The expan- 
sion and contraction of the 
pipes opening or shutting a 
valve. 

Mattbew Billinoslst, 
Bradford: Improvements. 

RicBABD Tbevithic, Cam- 
bome : Making piston air- 
tight — rotative engine — impel- 
liog a steam waggon or boat. 

William Moult, London: 
Furnace. 

John Cutleb, London : 
Supplying fire with fuel. The 
fuel was made to rise from 
the bottom of the grate, so 
that all the gas, as it exhaled 
from the fresh portion of fuel, 
was ignited in passing through 
the burning coals which lay 
uppermost. This ingenious 
and elegant contrivance in- 
volved its author in a law'suir, 
in which the mibbles of his 
mercenary rivius in trade pre- 
vuledover the fairest claim to 
the protection of a patent. 

W. and M. Be van, Glamor- 
gan: Furnace. 

Mabquis ds Ghabannes. 
A method of heating air. The 
Marquis applied the scheme 
to boilers. 

1816. 

f, Paw£8| Bromwich: trans- 
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mittiag the alternating im- 
pair of a steam piston. 

J. F. MuNTz, Birmingham : 
Destrojing smoke — sating 
products — ^farnace. 

BitTAN DoNKiK, Sarrey: 
Boiling water. 

Ai<KXANDEB RooEBs, Hall- 
fax : Saying fael — > setting 
boilers. 

PHiLtp TatloA, Bromley : 
Application of heat. 

William Btbnson, Cole- 
ford : Improred engine. 

Robert Stiblino, Edin- 
bnrvh: Saving fael. 

Joas Babtok, London : 
An excellent metallic piston 
— an improTement on Cart- 
Wright's — wedges acted on by 
springs, keeping the outer 
series of pieces, or the packing 
pressed to the face of the 
cylinder. 

George Bodlkt, Exettrt 
Certain improvements. 

Joseph TnmirsB, LajrtiHi: 
Steam wheel. 

John Nevizae, London : 
Generating and applying 
steam. 

Joseph Gnsasoir, London: 
Supplying fuel. 

William Losh, Kewcastle : 
Fomace. 

1817. 

W. A. Osbobne, Bordeiley : 
Boring cylinder. 

Geoboi Mainwabii^Oi 
Lambeth; Certain improve- 
ments. 

John Oldham, Dublin i 
Steam boats. 

GeOBOS STBATTOHf LOH- 

fton: Saving fuel* 

3 



Mosxs PDoLCt London: 
Certain iitaprovements. 

1818. 

LoBD Cochbane, and A* 
Galloway, London : Machine 
for consuming smoke. 

William Moult, liondon t 
Certain improvements. 

AlEXANDBB HALIBUBTOirt 

Wiran: Furnace. 

John Scott, Penge : Steaib- 
boat. 

Philip Tatlob, Bromley : 
Application of heat 

J. MuNBo, London, and 
Babnabas Lanoton, New- 
York : Certain improvements. 

Joshua Routledoe, Boltoa 
le Moor: Steam- wheel. 

James Ikin, Christchurch: 
Hollow furnace bars. 

William Church, Lon- 
don : Certain improvements. 

William Johnston, Lon- 
don : Destroying Smoke — fur- 
nace. 

Mabquis ds Chabannes, 
London : Boiler of tubes. 

Jones and Plimlby, Birm- 
ingham : Certain improve* 
ments. 

HenAT Cbxiohtok, Glas- 
gow: regulating admission of 
steam into pipes. 

John Malam, London i 
Steam-wheels. 

Sib William Cokobkvb, 
London: Steam- wheel. 

Jambs Fbaseb, London ; 
Junction of tunnel:* in boiler. 

Richabd Wbiobt, Lon- 
don : Construction — subse- 
quent employment of steam. 

John seawabd, londoni 
Generating steam. 
IS 
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WiLiAAK Bbvntok, Birm- 
ingham : An ingenious re voir* 
injgf farnace, which feeds itself 
with fuel, and is reflated with 
great precision; it is by far 
the best mechanism for this 
purpose which has yet been 
produced. 

Engravings of its details 
pud some particulars of its 
effects will be given in StuarVs 
Practical Treatise on the Con- 
itruetion of Steam- Engines. 

GsoKOE Kx£.LEy, Briggan : 
Constructing. 

JoHK PoNTErEx, Londou : 
An elegant, effective, ])ortable 
and self-reculatiug engine, on 
the principle of Savery's ma- 
chine. 

1820. 

JoBK Oldham, Dublin: Ad- 
ditions to form«>r patent. 

John Wakefield, Man- 
chester : Fnmace, and method 
of supplying it with fuel. 

October 18th. — A steam- 
brig sailed from port L'Orient, 
which arrived at Senegal in 
sixteen days. 

William Bkitnton, Birm- 
ingham : Additions to a former 
patent. 

William Carter, Middle* 
sex : Steam-wheel — an im- 
provement on Hornblowei's 
tirst scheme, in that part of 
the mechanism which made 
the pistons become alternately 
the abutment valves. Carter^s 
clamps were portions of a 
spiral curve, formed so as to 
slide in its box, when the 
piston attached to it received 
Its direct morion—bat to press 



against its tides when the 
piston, or diaphragm was im- 
jMlled in the contrary direc- 
tion — a slight turning of tbe 
lever relieved the pressure, 
and it then moved freely- as 
before. 

John Barton, London : 
Engines and boilers for steam- 
boats. 

John _ Haoxte, London : 
Constructing. 

Joseph Parkes, Warwick : 
Consuming smoke. 

Job Rider, Belfast: Steam- 
wheel. A figure of this is 
giyen in the plate marked 
Vauoh AN, &c. ; it will be re- 
c<^nised as a variety of Bra- 
mah's. Rider is said to have 
erected several large engines 
of this kind— their perform- 
ance has not been stated. 

John Moobe, Ddblin : 
Steam-wheel. 

William Pritcbabd, 
Leeds: Fornaoe. 

18S1. 

William Alderslet, Mid- 
dleiiex: Substitute for the 
crank. 

John Bates, Bradford : 
Supplying fuel to furnace. 

Thomas Masterman, Lon- 
don: Steam-^heel. 
■ Robert Delap, Belfast: 
Among other matters in this 
patent is a steam- wheel of the 
same kind as Cooke's. 

Robert Stein, JLondon : 
Certain improvements. 

Jonathan Dickson, Lon- 
don : Transmitting heat. 

Henry Psnneck, Pen- 
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zanee: Faraace lessening eon- 
samption of fuel. 

Fetbr Dev£7, London : 
Preparing fuel ; a sort of 
burning balls, by mixing 
coals and other wubstanees to« 
gether. The fuel, as to ap< 
pearance, for many purposes 
18 better than crude ooal — its 
•conomy is doabtfuL 

Henry Brown, Derby: 
Fornace— consuming smoke. 

Philips London, London: 
Furnace. - 

Aaron MANBr, Horsley: 
Manufacture of details. 

Thomas Bennett, Bewd- 
ley: Certain improvements. 

Francis a. Koells, Lon- 
don: Improvement in details. 

Sir William CoNftREVB, 
London: Addition to former 
patent. 

Charles Broderif, Lon- 
don : Construction. 

Neil Arnot, London: Fur- 
nace and boiler. 

Julius Griffith, London: 
ISteam-carriage ; this is the 
first scheme in which the en- 
gine is placed on springs — a 
machine it was understood 
was constructing by Bramah 
at Pimlico; we know not if 
it has eyer been exhibited. 

1823. 

Richard Ormrod, Manches- 
ter : Construction of boiler. 

6. A. Palmer, London: 
Fnmace for consuming smoke. 

George Stephenson, Bei^- 
ton : Certain improvements. 

Alexander Clark, Fife: 
Boiler and condenser. 

M, J. Bkvmel, CheUe^: 



Placing^ cylinder indined to 
the horizon. 

' Joseph Smith, Sheffield: 
Boiler. 

John Stanley, Manche»« 
ter: Supplying fuel to fur* 
naces. 

J. and J. BiNNs, London: 
Boiler. 

J. Leach, London: Steam* 
wheel. 

Jacob Perkiks, London: 
Boiler. 

Bainbridox and Thayxb^ 
London : Botatory engine. 

1823. 

James Neville, London: 
Fnmace and boiler. 

William Johnson, Great 
Totham : Furnace and boiler. 

Robert Copeland, Lon- 
don : New combinations for 
gaining power. 

Nathaniel PatridoS( 
Stroud: Setting boilers. 

H. H. Price, Neath Abbey: 
Machinery for steam-boats. 

William Jessof, Butter* 
ley: ' An ingenious metallio 
piston — ** A spiral spring 
coiled round the rubbing part 
of the piston between the 
upper and under plates ex- 
pands outwards as the puton 
screws are tightened; it hat 
been used in many cases wiUk 
good effect." 

Jacob Pkrkims, London ; 
Boiler. 

Thomas pEEL,Manohester: 
Steam- wheel. 

The Diana steam-boat, built 
in Mr. Kyd's yard, at Kidder- 
pore near Calcutta, launched 
on tbe ISth of July ; and on 
th4 same day she iniide her 
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tween Calcatta and Chin8u»> 
rah, in tlx hbnn and a hilt 
This was the first appearance 
of these boats in the East 

Jacob Pbrkiks, Londott i 
Additions to former patent. 

FisffKK and HoBTOH, West 
Bromwich : Circular boiler, in 
Which tbo tteam, after it rises 
into a space over the water, is 
conducted downwards into a 
reservoir, or chamber placed 
ill the water, and thence it is 
conveyed to the engine} no 
heat can, therefore, be lost by 
radiation from the steam- 
chamber* (?) 

William JtrKES, London: 
Regolatingthe supply of water 
admitted into boiler. 

BowEB and Bland, Leeds : 
Engine without air-pump. 

William WitfsrroN. Derby * 
Oertain improvements. 

RoBBBT HiftoiN, Nonrtch: 
Con^ming smoke. 

James Labbet, Battersea t 
Saving fuel. 

Jambs Chbtstis, and W. 
Habpeb, London t Mix three 
fiarts of stone coal, culm, or 
Kilkenny coal, with one part 
of Wallsend, or any othef 
hittaminoQS coal. When there 
ta " a good draught," and the 
laratice i>8rs an inch wide and 
half an inch apart, ** this 
wiU gite out tfiuch h^at." 
Londoners, for generations* 
have ootiiidered this patent 
practice a very great nui- 
sance. The invention would 
have been faifinitely more 
popular had it been directed 
to pieven't this patent oombi- 
Mf*« Ad to tfitBP^T t>^>v 



feeder to mix them to his own 
teste. 

Jacob FebkIns, London; 
Furnace — boiler. 

Samttbl BaowiTi London t 
Gas-engine. 

William FUeITival, Droit* 
Wich: Boiler. 

James Bhith, DrOitwIeh* 
Boiler. 



18S4. 

Mosxs Isaacs, London r Im- 
provements in details. 

Maubice de JotTOH, WaP- 
rington: Combining coke oven 
with an engine boiler. 

SamVel Hall, Basford; 
Decomposing the steam in a 
greater or lesser degree in its 
passage from the boUer to the 
cylinder, under a pregsure 
superior to that of thC atmos- 
phere. The furnaces are 
made air tight, and the vapour 
which rises from the watet 
enters the furnace, and this 
mixture of gases and vapour 
is conducted into the cylinder. 

Qeokoe Vauohak, Shef- 
field: Double atmospheric en- 
gine. 

J. T. Pattl, London: Boiler 
— a long copper pipe of small 
diameter coiled round the in- 
side of the furnace, producing 
a conical figure, within which 
the fuel is placed; a small 
forcing pump injects the water 
at one end, which escapes ia 
the form of steam at the other; 
160 feet of a pipe 3-1 6th of an 
inch internal aiamieter, suffi- 
cient for a two horse power; 
the pipes may be coated witlt 
9h7i 
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^ W. H. Jamss, Birmingham: 
Steam-carriage. 

Si» Q£oBO£ Catley, York : 
I'Ocomotive apparatus. 

John M'Cukdy. London: 
Tube boiler. " One of these 
tubes 11 feet 6 inches long, 
6 inches diameter at the larger 
end, .and 3 inches at the 
smaller, produced as much 
ateam as a boiler containing 
150 cubic feet." This tube 
ia placed in a furnace, and 
water . is forced into it by a 
forcing pnmp through a small 
pipe caUed.the injection bar- 
rel ; . *' each . chamber with 
about a. cubic inch of water, 
injected at every stroke of the 
pump, will sttpply an engine 
having a four horse power." 

Philip Taylob, London : 
Horizontal cylinder — contri- 
vance to stiffen the piston rod, 
and lessen the tendency of the 
gravitating action of the pis- 
ton to alter the form of the 
0)rinder. 

William Foskvait, Bath : 
Steam-wheel. 

PiKKse Alkobx, London: 
Boiler. 

** The Robert Fulton, 
steam-ship, completely armed, 
and filled with military stores, 
and navigated by 30 Ameri- 
can seamen, sailed from Bos- 
ton, in September, for Greece ; 
she was a present from the 
freemen of America to the 
freemen of the Levant." 

John Moobe, Bristol : Con- 
struction. 

Davio Gordon, London: 
Steam-carriage. 

** Mr. Gordon's application 
pf legs and feet differs from 



Mr. Bmnton's (in 1813), in* 
asmnch as Mr. Brunton usee 
a pair of feet only with their 
leg appendages — these have a 
reciprocating parallel mo- 
tion, Mr. Goraon's feet, or 
rather his carriage feet, are 
six in number, forming a con- 
tinuous series by their being 
attached to revolving cranks. 
" The feet are placed in the 
fore part of the carriage, and 
raised by a light six throw 
crank ; by its revolution they 
are forced out against the 
ground in the manner of the 
hind legs of a horse— the rods 
or ' leg bones* are formed 
hollow (as in nature); these 
iron-rods are filled with wood, 
(instead of marrow,) to com- 
bine lightness with strength ; 
the legs are attached to what 
may be considered substitutes 
for horses' feet, although their 
form being segments of circles 
is very different.** "They 
press against the ground by a 
rolling sort of motion, causing 
a sufficient adhesion to the sur- 
face without either slipping 
or digging it up, and adapt 
themselves to any slight turn 
of the carriage. The under 
part of these feet (query soIm) 
IS formed of cork, short hair, 
whalebone, or Any other stiff 
and elastic material, placed 
endways and^ supported by 
iron teeth, which would take 
effect in the event of the pack- 
ing failing. In countries 
where sledges are used for 
travelling over snow, the ma* 
chine may be placed on skates, 
and the feet shud with suit- 
able iron teeth,*' Snow ihoes 
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in tkh MM, w» aoaU nttt, 
ifwld give all the retlBtaiioe 
wiiiited. The eotire me- 
ehanisra is one of the hrat 
that has yet been prodneed. 

Samttei. Bbown, Oom- 
tnander in the Royal Vavj t 
Steam-boat machinery. 

Maudslat and Field, Loa* 
dm! Changing eontinnally 
the water used In the boilers 
of steam-boat-engines, and 
thns preventing the depontiMi 
efsaU. 

18S5. 

William Fbahklik, Lon- 
don: Self-acting feeder for 
hi^ pressnre boilers. 

Dk. a. Tillocr, London : 
A steam-wheel. The Doctor's 
death happened before he 
&ad completed a description 
of this scheme — it was simi- 
lar to Amonton's wheel. 

BuBsTALL and Hill, Lou* 
don: Steam-oarriage. 

Willi Alt GftisKMYHWAifB^ 
Kbtts: Air-engine. 

St^am-engines in operation^ 
kt Glasgow, AS stated by Mtt 
Cleland: 

Hof»€ Power. 

Spinning Cotton 893 

Weaving «... 665 

BflJsing.^t S6i 

:&leachinr, dyeing, print- 

ing anl discharging. . S96 

Calendaring 154 

Orain grinding 163 

Fonnding lSl4 

Distilling 119 

Ettgine making 68 

Chemical operations* ... 39 
Machine making 37 

GttrHtd Fonnttd . 87U 



BeHe Po^ber. 

Brought Forward . . 9714 

Snnff making SS 

Fine Briek making 1^ 

Sugar refining 18 

l4mip-black making. ... Id 

Twisting yarn 18 

Smith work 18 

€h:inding drags 14 

Coach making IS 

Glass grinding 18 

(hinding malt andpnmp- 

ing worts M 

Grinding colours. * 14 

Veneer sawing 10 

Tambouring 10 

Cutttngwood 18 

Wool carding 8 

Singeing muslins 6 

Gas « 4 

Coppersmith 4 

Tannbg .* 4 

176 En|fines eterting. . . S970 
56 Engines at coal nines 1411 
7 Enginee at stone quar- 
ries 91 

68 Sngihes in steam- 
boats 19S6 

Clydft Uon Work. ..... 60 

Total 310 engines having 6406 
horse powers} th« average 
power of each engine aboat 
iO'6 horse power. 

This is exclusive of the en- 
gines in nearly all the extett- 
sive eotton works in th^ dia^ 
trict around Glasgow. 

** The difference of cost be> 
tween the price of coals con- 
sumed by an engine and the 
keep of horses must ever vary 
with circumstances — a heavy 
horse will consume 16 pounds 
•V«ird«poi« 0!f ofttiy a»l U 
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Sanndg ti^Hnpoii of bay ft 
aj. An engine of dO horse 
power» working 10 boars por 
day in a miU, will oonsume* 
on an average, in summer and 
winter, about 4 tons of coal 
dross." 

Nsiz, SvoDOBAsa lecdiyes 
9 premium from the ma^is* 
trates of Glasgow for bis im- 
proved piston packing. 

Lord Cochrane, London : 
A method of propelling ships. 

J. Sunderland, Black- 
beatb: Combination of foal — 
me part of tar, one part of 
faw-dust, and one part of 
elay, mixed secundum artem, 
ana spread out for three 
months — the mass may be 
afterwards made into boioses, 
4nd '*u8ed as wanted;^ a 
dozen ** will move'* a four* 
boraa-power. 

J. C. Raddats» andS. Axi- 
BAN, Boiler. 

W. H. Jambs, Birmingham : 
Boiler. 

Georox Chapmak, of Wiut^ 
by, proposes a scheme to pre- 
vent the air which is to assist 
in the combustion of the fuel 
from getting into the fuinaoa 
in its cold state, by casting 
tbegxate bars h(dlow, which 
open into two boxes : the front 
box has a register ; the back 
box opens direetly nnder the 
fire bridge, which is made 
doable; the air passing 
through the bars and tubes 
is heated before it issues from 
the back box to mingle with 
the vapour which is to be 
ignited. 

Tbokson and Bubb, Chel- 
s«ft:iPoilfr. V«iir eylin^oal 



neeaels, eqaidistaftt fnm each 
other, placed over the fire; 
their pivots are plaoed out* 
side of the furnace, a cog- 
wheel on each of these axlei 
is made to rsvolve by a fifth 
wheel, placed in the ceati* 
between the four; water it 
supplied to tha vessds by a 
forcing pump ; as the vesseli 
revolve, every part of the suv* 
face of each is sabmitted to 
the action of the furnace. 

Samuel Bbowk, Londoat 
Additions to former patent. 

M. J. BauKZL, London: 
Liquid gas engine* 

J. A. Tessibb, London: 
Construction. 

16th August^The Bnier- 
prise steam-packet leaves FaU 
month for t\e East Indies- 
arrives at the Cage of Good 
Hope on the 13th of October. 

** Signal," says the Cap^ 
toten Oaxette^ ** having been 
made soon after day light, 
that she was standing into 
Table Bay, a vast ooncoorsa 
of people assembled on Green- 
point, and at other plaeeH 
from whence a view of th« 
bay can be obtained. The 
wind being light from th« 
southward the vessel steamed 
to her anchorage in magni- 
ficent style, under a saint* 
from the oastk. The greatest 
distance ran in any twentyw 
fi»ar hours was one hundred 
and ninety miles by sailing— 
by steaming one handled and 
8i3cty miles." 

Thomas Howabb, London: 
Alcoholic vapour engine. 

JosiAH Eastxn, Bradford: 
SlMiB-cwriage and raUopeads^ 
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GOUMWOKTBT GVBKKT, 

London. Mr. Gnrnev mstii 
to -wheels for propelliog his 
carriace along level roads. 
In upliill tPork he calls in the 
aid of legs and feet^ which 
have bwn nnkindly denomi- 
Bated entdies. 

JoHir GiLMAK, and W. 
SowKBBT, London : Intro- 
ducing vapour under the 
wnitea fuel in a furnace— to 
^compose it, and produce 
heat b/ the inflammation of 
its hydrogen 1 1 

L. W. Wbioht, London: 
Steam-wheel. 

F. Halliday, Ham : Rota- 
torv engine. 

JosjEPH Eve, Liverpool : 
Steam-wheels. 

J. M'CxJBDT, London: Ge- 
nerating steam. 

John RsEDHBAD.Heworth: 
Machinery for steam- boats. 

JoBK MooBS, Bristol ; 
Boiler— vertical tubes com- 
municating with a steam- 
ehambej^-the tubes are ar- 
ranged in a circular row, 
within which the fire is 
placed. 

J. SuBBEY, London : Appli- 
cation of heat to boilers. 

David Gobdon, London : 
Steam-boat— encloses the pad- 
dle wheels in a case furnished 
with a sluice for regulating 
the supply of water; the 
water enters the case entirely 
below the water line; a ves- 
sel or tank suspended over 
weather side of boat, at a 
considerable distance from it, 
to keep the boat on an even 
keel ; surrounding a boat at 
the height of the gunwale 



with a dievavx de frise, set 
with pikes like a bedge-hoe*s 
back to break the force of tne 
waves rolling on board of a 
vessel ; or a cbevanx de frise 
may be made to float on the 
water to protect a ship when 
at anchor, when lying to, or 
scudding through a heayy sea» 
J. Bloomfixld, and J. Ltt- 
cocK, Birmingham: Propel- 
ing vessel. 

1826. 

JohnPootjc, Sheffield: Boiler. 
->A series of flat vessels 
placed one over the other ; 
communicating with each other 
by means of short pipes. 

A. A. LoBENT, London^: 
Applying steam. 

James Nxvii.I'E, London: 
Generating steam. 

Bennet Woodcboft, Man- 
chester: Paddles for steam- 
boats. 

Samuel Bbown, London: 
Additions to former patents — 
propelling boats. 

Henby HiaaiNsov, Lon- 
don: Steam-boat. 

Mabquis dx Com bis, Lon- 
don : Rotatory engine. 

Robert Meikelam, Lon- 
don : Inflammation of gas in 
a closed cylinder to raise a pis- 
ton — producing vapour from 
alcohol within the cylinder, 
by means of a piston heated 
by a current of oil ; a small 
model on this plan acted with 
considerable effect and preci- 
sion. But Mr. Meikelam 
foand, in the slowness with 
which the oil transmitted 
heat, a difficnltjr in keeping 
the surfaces which, had gene . 



£iftf &if pAifnnfui 



049 



nfed iHe vaptia'r at the re- Impiroyem^^ ill ikk Method 

quired tempemtare. of casting cylindtfB. 

'William Robinson, Lon- He es^lausts the air fh>m 

don : SteaoQ'boat — the appa-^ flie moulds br an air-pump, 

rat us is moveable, and majr be and forces the fluid metal from 

fittached either to the stern or an air-tight reservoir beneath 

6tem of the boat. into the moulds; air-holeSf 

Count Eugene db Rosen, honeycombs, and other flaws 

London : f'or communicating are prevented, by this process, 

power. from being formed in tii# 

T. B. "WiLKs, Tunbridge- casting. 
Hall : Generating steam. 



James Yandal, London 
Method of condensing vapQur 
by opposite currents — ^fte ap- 
plies it in distilling: ; ind it has 
been thought applicable to the 
condenser of a steam-enffine. 

BuasTALL and Hill, Leith : 
Additions to former patent 
for steam-carriage. 

Elijah Galloway, Lon- 
don : Steam-wheel. 

John Costioin, Louth : Cy- 
linder placed horizontal— a^ 



1827. 
JTbazeb, 



London r 



James 
Boiler. 

RoBsST OoFELAND, Lon- 
don; Addition to former 
patent. 

RoBEBT Bablow, ChelscB ; 
Substitute for «rank. 

James and Robebt Stib- 
LINO, Glasgow { Air-ennnes. 

John White, Sonthamp« 
ton; Piston and valves. 

W. Pabkinson, Barton's 



method of preventing the ef- Constrocting and working an 

fects of gravity in destroying engine for communicating 

the figure of the cylinder alid power and motion, 

piston — boiler of tubes — he Thomas Peck, London: 

places boilers far apart from Revolving steam-enj^ne. 

the cyNnders — and recom- Peteb Bust, Limehouse: 

mends four cylinders. Improved engine. 

CosTioiN revires the me- John OldhAS, Dublin: 

thod of guiding and impelling Steam-boat machinery wheels, 

ships by a stream of water William Stbatton, Lon- 

qected from the stem — by don : Heating air by steam. 



which a ship may heplaeea 
in any position even after her 
masts and rudder have been 



SiB W. CoNOBEVE, Lon- 
don : New motive power. 
Fox and Lean, Falmouth t 



lost. A small horizontal cy- Various improvements. 



linder works two force pumps 
•—it differs little from Lin- 
aker's scheme ; all the ma- 
chinery is placed below the 
water line. 

W. Cbubgh, Bixmingham : Steam-boat machinery. 

3k 



Jacob P'ebkins, London; 
Additions to former patents. 

J. S. Holland, Ix>ndon; 
Steam-carriage machinery. 

P. Steinstbeet, London I 
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Jsnt It Bnrum. Fir- Jon Xrin, TrdHagfradi 

DDUth: SIMUB>baU auhi- CiitBui imprnvRiuinti, 

nur. J. T. Bui.r, Losdon : C*Mk- 

A. U. SuKEt Loadoii ; mimiiAtiflg bnt 
Slum-bwtt mMbinerr- J. Mevilli. loBdoai 

SlfUn-oirriigc. 
IBiS. Gioioi JiogoH, DDblU : 

St«Kin-boMt icftatuncr;. 
GoLDawoiTBv OcBHiT, Lon- FuDiBic Aduii. EMex: 
don : Steam-cunjkgQ, StfKn-carrUff. 
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PRACTICAL TREATISE 

OH THE 

CONSTRUCTION 

STEAM-ENGINES. 

This will contain many rules for proportioniDg 
their parts, and Tables for facilitating^ their appli- 
cation in practice. 
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It will be printed to correspond in size with the 
** Anecdotes of Steam-Engines/' and will form a 
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